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FOREWORD 


The ultraviolet spectrophotometer (UVS) was originally fabricated for 
the DOT Climatic Impact Assessment Program, for which the Project 
Manager was Mr, A. J. Grobecker. The Deputy Project Manager was 
Mr. Samuel C. Coroniti, whose guidance contributed significantly to the 
overall success of our work on that program, as summarized in the 
FINAL CIAP REPORT, PANA-UVS-7 (December 1975), 

The UVS was first flown m the NASA CV-990 m the fall of 1975, the 
project was supported by the NASA Lewis Research Center through the 
Office of Naval Research. Technical guidance was provided by Mr. Porter 
J. Perkins of the Lewis Research Center, Mr. Louis C. Haughney was the 
Mission Manager for these Global Atmospheric Sampling Program (GASP) 
flights, and the m-flight experimenter was Mr, Daniel C. Briehl. 

The fall 1976 use of the UVS for the NASA Latitude Survey flights was 
supported by the Lewis Research Center and carried out under the direc- 
tion of Mr. Daniel C. Briehl. 

All the UVS data (ozone values and fluxes) presented here have been 
archived on a magnetic tape at the Lewis Research Center, The tape 
contains all data to 75° solar zenith angles and for altitudes above 
5000 feet. These data are more extensive than those tabulated in this 
report, which cut off at the 65° solar zenith angle and below 10 000 feet. 
Copies of this tape may be obtained from Mr. Daniel C. Briehl at the 
Lewis Research Center. 
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I. INTRODUCTION 


The UVS was developed by Panametrics, Inc. for the CLAP program 
(Ref, 1.1), during which an extensive upper atmosphere monitoring system 
was installed (Ref. 1.2) on the high altitude WB57F. The UVS was flown 
successfully on more than 80 missions during the course of about three 
years of measurements. The structure of UV flux vs latitude and longitude 
was measured in much greater detail than had ever been possible before, 
and by use of the data (in the Hartley -Hug gins bands) computer-based math- 
ematical techniques were developed for deduction of the total ozone above 
the aircraft.- As a result of this experience we became convinced (Ref. 1.3) 
that such a UV spectrophotometer (UVS) would make a useful addition to 
both the 747 and CV-990 instrument packages as part of the NASA Global 
Air Sampling Program (GASP). 

As a consequence of the foregoing, a preliminary operational test of 
the UVS on the CV-990 was carried out (Ref. 1.4) with very satisfactory 
results. Several desirable changes m the instrument design became ob- 
vious as a result of this test, including replacement of the photomultiplier 
b,y a UV photodiode. Thus, a follow-on effort took place m which (1) the 
modifications were made, (2) a much more extensive series of CV-990 
tests occurred (Oct-Nov 1976), and (3) computer-based data reduction 
procedures were developed. The operational tests have been completely 
successful, and we believe that a similar UVS package could, m fact, be 
designed for long-term operation on the CV-990, 747 or other high altitude 
aircraft. 

The desirability of replacing the photomultiplier with the photodiode, 
when long-term application is the objective, was discussed in Ref. 1.4. 
Basically, the photodiode is inherently more stable and less temperature 
sensitive. The photosensitivity, however, is much less. This has made 
it necessary to install a lens and larger area collimators than were used 
with the photomultiplier. All modification, installation and flight work 
was completed successfully, and is discussed m Section 2. 

In Section 3 the calibration effort is discussed. Use of the larger 
area collimators and the lenses causes the light rays to pass through the 
filters at much larger angular deviation from the normal than was the case 
with the photomultiplier. The addition of the quartz lens increased the an- 
gular deviation sufficiently to cause about. a 1% downward shift m 
the effective filter wavelengths. As discussed m Section 3, it was found 
during the program development that the ozone overburden calculation was 
strongly affected. This is because it is necessary to calculate the ozone 
absorption coefficient at a specific wavelength, and an uncertainty even as 
small as 1% m that wavelength can lead to large errors m the ozone over- 
burden calculation. A procedure was developed which allows the effective 
wavelength shift to be measured to better than 0.1%, which results m an 
error m the calculated total ozone of less than a few percent. 
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Information about the UVS flights is given in Section 4. Most of the 
data were obtained on the 15 Latitude Survey Flights in the fall of 1976. 
Magnetic tape data from the GASP flights m the fall of 1975 were also 
analyzed. 

Flight results are presented m Section 5. The analysis procedure 
is briefly outlined there, with only changes from the more detailed dis- 
cussion in Refs, 1.5 and 1.6 being described fully. Tabular listing of the 
1976 and 1975 results are presented, and a comparison with Dobson sta- 
tion measurements is made. It is found that for the Dobson data presently 
available, the average agreement is better than a few percent. Some plots 
of the ozone data are presented for flights where interesting structure 
shows up. Conclusions and Recommendations are given in Section 6. 

2, PHOTODIODE VERSION OF THE UV SPECTROPHOTOMETER USED 
FOR THE FALL 1976 FLIGHTS 

The basic structure of the UVS has been described earlier m Refs. 

1.1, 1.5 and 1.6, with the modifications necessary for flight m the CV-990 
being described in Ref. 1.4. For the fall 197 6 flights, the major modifica- 
tion involved replacement of the photomultiplier with a photodiode to reduce 
the instrument's internal power dissipation and to obtain a less tempera- 
ture-sensitive signal. The UVS incorporating the photodiode was success- 
fully flown aboard Galileo II on June 28 and June 30, 1976. Results from 
those test flights were summarized m a letter report {Ref, 2.1) and proved 
the suitability of that design concept for application on the CV-990. It fur- 
ther showed the desirability of improving the response characteristic of 
the system including that of the electronics. These modifications are 
detailed below. 

The optics of the UVS has been modified by introducing a biconvex 
lens between the diffuser and the filter wheel. Additionally, the collima- 
tors over the bandpass filters have been replaced with larger area ones. 
Both measures serve to increase the light intensity incident on the photo- 
diode. A diagram of the so modified optical system of the UVS is shown 
m Fig. 2.1. To improve the acceptance angle of the instrument when in- 
stalled in the aircraft, a new mounting arrangement was designed and con- 
structed permitting flush mounting. The UVS is mounted on a 1/2 in. 
aluminum plate (A16061-T6) such that the collimator projects through and 
1/4 m. above that plate. A gasket is provided between the instrument and 
the plate. The latter is substituted for the quartz window m the second 
zenith port. The acceptance half angle m this configuration is 75° from 
the vertical. 

The self- calibrating feature of the system is accomplished with a LED 
light source which is activated during a time period equivalent to one filter 
position interval. To match the lower sensitivity of the photodiode the light 
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Incident light from sun 
at zentth angle e 



Fig. 2.1 Optical System Outline for the UVS 
Photodiode Version. 
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source had to be replaced with an LED of higher intensity in the red spec- 
trum. The originally fixed calibration period of 1 sec. has been modified 
to assure automatically the same value as the sampling interval of the fil- 
ters. This interval is selectable as 1 sec. or 10 sec. 

In order for the existing logarithmic electrometer to process the low 
photodiode currents (dark current «3 x 10"1^A) it was necessary to intro- 
duce further amplification. This has been accomplished with a linear cur- 
rent-to-voltage preamplifier with a conversion gain of 1 mV per 1 x 10-l^A. 
Since the log electrometer is a current input device, it had' to be converted 
for voltage input signals by addition of a resistor. Results of temperature 
tests with the preamplifier/electrometer combination are discussed below. 
During these tests it was necessary to measure the interval temperature 
from -15°C to +70°C. Therefore, the temperature monitoring circuit has 
been redesigned to encompass that range. 

The preamplifier/electrometer configuration as flown during the lat- 
itude survey mission was tested over a temperature range of 0°C to +30°C 
to verify proper operation of the amplifier during flight. Actual internal 
system temperature varied between 15°C and 17°C on all 14 missions. 

The tests showed that below about 10°C and above 25°C considerable errors 
are introduced - mainly due to the electrometer input offset voltage - which 
is temperature dependent. If it is remembered that the electrometer has 
been converted to measure voltage, it becomes clear that an offset of only 
100 pV (typical TC of offset is 25pV/°C, max. 60pV/°C) results m a 10% 
error at an equivalent input current of 1 x 1Q~ 12 A. This error reduces to 
1% at 1 x lCf^A and becomes inconsequential at higher currents. Since the 
instrument calibration is made at light levels equivalent to photodiode cur- 
rents above 10“ l^A, errors at the above stated flight temperatures are neg- 
ligible. Nevertheless, it was obvious that an increased temperature range 
of -15°C to +70°C, as tentatively specified for the Boeing 747 operation, 
would pose a problem. Therefore a new electrometer which does not re- 
quire a preamplifier has been designed and a breadboard constructed. It 
employs low leakage MOS-FET transistors for the logarithmic feedback 
element and the reference source. This design measures the photodiode 
current directly without conversion to a voltage, and therefore the ampli- 
fier offset voltage has a negligible temperature effect. The mam deviation 
(from exact logarithmic response) at low currents is contributed by the 
temperature dependent input bias current and the leakage current of the 
logarithmic element. Both currents double for every -KL0°C. At higher 
currents, gain effects are the mam contributor. A temperature test was 
conducted over the range -15°G to 70°C. From the 25°C reference tem- 
perature the input reference deviation increases exponentially with temper- 
ature. It is 7% at +60°C and 2% at 0°C for the input currents to be measured. 
Since the deviation is symmetrical about the reference point and increases 
monotomcally, it may be extrapolated to yield a maximum deviation of 9% 


4 



at the temperature extremes of -15°C and 65°C. The latter represents the 
recommended upper limit for the photodiode. It should be noted that under 
actual flight conditions the, internal temperature of the UVS will not change 
more than 5°C due to its temperature control. It Is only during ground 
check-out that the 65°C limit could be reached. Therefore, we can expect 
amplifier induced deviation to be<l% under flight conditions; since the in- 
ternal temperature of the housing is measured, even this small deviation 
can be taken into account. 

f 1 t 

The relatively low operating altitude of the CV-990 (<40 kft) made it 
unlikely that useful UV fluxes would be measured by the 214 and 287 urn fil- 
ter sets, so they ‘were replaced by 374.1 and 312.8 nm wide-band filters to 
test the possibility of obtaining total ozone measurements with just two 
wide-band filters. In addition, the 297.8 nm filter set, which had deteri- 
orated significantly, was replaced with a new set at 294.5 nm. More de- 
tails about the filter sets used are given in Section 3 (Calibration). 

^ i 

The modified system including test console and a 2 channel strip chart 
recorder was installed m the CV-990 at Ames Research Center, California, 
on October 18 and October 19, 1976. At this time the system -was inte- 
grated with the on-board data recording system and tested on the ground. 
Two outputs, UV signal and multiplexer, were connected to the' digital re- 
corder-,. as well as to the strip chart recorder. No difficulties were en- 
countered and the system performed within specifications. On October 26, 
1976 a Panametrics engineer verified system operation on a NASA conducted 
check-out flight. All systems parameters tested out as expected. NASA 
personnel were instructed about the operation of the instrument for the sub- 
sequent latitude survey mission starting October 28 and ending November 18, 
1976. During this time a total of 14 flights were conducted with the UVS 
operating properly for each flight. 

3. CALIBRATION 

3.1 Response Calculation 

The response of the UVS was calculated as described in Ref. .1.1, 1.5 
and 1.6, with the photodiode detection efficiency used in place of that for the 
photomultiplier,. A number of additional changes and improvements have 
also been made in the calculations. The solar response calculations were 
originally set up to use the 5 nm averaged spectrum recommended by 
Thekaekara (Ref. 3.1). Recently, a more resolved solar spectrum has been 
given by DeLuisi (Ref. 3.2), and this spectrum, averaged over 1 nm inter- 
vals^ 'has been used for the present 4 calculations. 

The original calculations used the room temperature ozone absorption 
coefficient measurements of Inn and Tanaka (Ref. 3.3). Since most of the 
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atmospheric ozone is in the stratosphere at temperatures near -50°C, 
these measurements have been converted to a temperature of ~51.5°C 
using the data of Vigroux (Ref. 3.4). Measurements by Griggs (Ref. 3.5) 
indicate that the absorption coefficient measurements of Inn and Tanaka 
(Ref. 3.3) are the most accurate at room temperature. 

The transmission curves of all filter sets was also remeasured, and 
the new values used m the calculations. Most filters showed negligible 
changes from the original values measured four years earlier, but a few 
showed moderate changes m the peak transmission and blocking trans- 
mission, while one set (297.8 nm) showed significant deterioration and 
was replaced, 

A final correction is made by shifting the wavelengths of all filter 
transmission curves to correct for the effect of the quartz lens. This 
effect, and the precise measurement of the shift factor, is discussed more 
fully in Section 3.3. 

The response for each filter set is calculated for both the solar spec- 
trum and the calibration (Standard of Spectral Irradiance - SSI) spectrqm. 
The ratio is then used to correct the measur-ed calibration response to an, 
equivalent solar response. The solar response is also calculated with at- 
tenuation by several values of total ozone thickness, to enable an effective 
ozone absorption coefficient to be calculated for each filter set. These 
effective absorption coefficients are used to calculate total ozone as des- 
cribed more fully m Section 5. 

3.2 Calibration 

The UV" Spectrophotometer (UVS) is calibrated with a Standard of Spec- 
tral Irradiance (SSI) before and after each series of flights. The SSI is a 
200 W tungsten halogen lamp with a quartz envelope, and its calibration is 
traceable to the National Bureau of Standards. Since the unattenuated solar 
spectrum differs slightly m shape from the SSI spectrum, a small correc- 
tion is made to the SSI calibration to provide a calibration for the solar 
spectrum. More details about the calibration procedure are given m Refs. 
1.1, 1.5 and 1.6. In general, it has been found that the calibration shifts 
only a few percent over several months, so the SSI accuracy of several 
percent is not compromised. 

The calibration data for the fall 1976 flights are given m Table 3.1. 
Listed are the average wavelength for detected light for unattenuated sun- 
light, with all corrections described in Section 3.1 included, the bandpass 
for each filter (full width at half of peak transmission), and the measured 
calibration sensitivity converted to the unattenuated solar spectrum. 
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Table 3.1 


UVS Calibration for Latitude Survey Flights 
m the Fall, 197 6 


Filter 

position 

no. 

Average 
wavelength 
A W 

Bandpas s 

N 

Solar spectral 
sensitivity at ^ 
(A/(W/(cm^-nm))) 

1 

374.1 

10 

2.700 x 10“ 3 

2 

312.8 

14 

1. 203 x ;o" 2 

3 

2(39.2 

2. 5 

1. 845 x 10~ 2 

4 

294.5 

2. 1 

2, 248 x 10 -2 

5 

303.9 

3. 0 

6.301 x 10~ 2 

6 

308.4 

2. 9 

1. 691 x 10- 2 

7 

318.8 

3.4 

1.716 x 10" 2 

8 

326.1 

2. 5 

1. 644 x 10- 2 

9 

365.5 

28 

4. 699 x 10' 3 

10 

395.6 

26 

6.067 x 1Q“ 3 



3.3 Measurement of Effective Wavelengths 

A brief survey of the UVS strip chart data from the fall 1976 flights 
showed that all monitor voltages were within the proper operating range, 
and the solar flux outputs appeared reasonable. Preliminary calculation 
of the ozone thickness using the effective absorption coefficients calculated 
from the original filte.r transmission measurements gave inconsistent re- 
sults, however. The ozone thicknesses were far greater than any mea- 
sured before with the XJVS, and each filter set gave a different value. After 
remeasuring the temperature stability of the UVS calibration, the diffuser 
angular response, and the filter set transmissions, it was finally concluded 
that the quartz lens used before the filters, m combination with the large 
collimator apertures, was increasing the average angle of incidence of the 
light on the filters sufficiently to shift the effective bandpass by about 1% 
toward shorter wavelengths. The above conclusion was confirmed by mea- 
suring the attenuation of the Standard of Spectral Irradiance (SSI) calibra- 
tion by a piece of 0-53 Corning Glass. The transmission curve of this 
glass was measured, and this allowed the measured calibration attenuation 
for each filter ‘set to be converted into an effective wavelength shift. The 

average for all narrow bandpass filters was measured to be A r , W A xO.990, 

ell o 

where A g ££ is, the effective bandpass wavelength and A q is the measured 
bandpass wavelength for normally incident light. 

The effective bandpass wavelength at an average angle of incidence 
of 6 to the filter normal can be written as 

X eff = V 1 “ sm 2 F/Z.l) 1 / 2 (3.1) 

For the UVS with the photomultiplier ® £ 2°, and A ^ differs from A q by 
about 0.03%, which is negligible. Only for *T = 12° does A ,, = 0.990 A . 
Rough calculations for the UVS with the photodiode indicated that A ££ should 

not deviate importantly from A Q , and approximate ozone calculations from 
the June 28-30, 1976 UVS test flights gave reasonable values (Ref. ^2.1). 
However, addition of the quartz lens for the Oct. -Nov. 1976 UVS flights, 
while increasing the narrow bandpass filter signals a factor of two, also 
made <T large enough so that the shift m A^^ became important. Measure- 
ment of the A ^ shift, as described above, allows recalculation of the effec- 
tive ozone absorption coefficients, and thus calculation of better values for 
the ozone thicknesses. 

The above procedure for measuring A e ££ has an additional advantage, 
m terms of long term system applications, which should be noted here. 
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By including this measurement of the SSI calibration attenuation by 0-53 
Corning Glass, it becomes feasible to check for shifts m the bandpass wave- 
lengths during -routine maintenance' and recalibration of the UVS. This is a 
much simpler, procedure than remeasuring filter transmissions, and would 
be an important check on stability for an operational set of UVS instruments. 

1 ' I 

The wavelength shift-factor has been measured to be 0.990 + 0.001. 
This corresponds to +3% in the .measured total ozone. For the arrangement 
without the quartz lens the shift factor was measured to be 0.999 + 0,001, in 
agreement with findings from the June 197b UVS test flights that ho signif- 
icant shift is present without the quartz lens. 

4. FLIGHT INFORMATION 

4.1 Latitude Survey Flights - Fall 1976 

A complete list of all -Latitude Survey flights for the fall 'of 1976 is 
given m Table 4.1. All were made by the Galileo II CV-990 aircraft. The 
date(s), GMT range, and approximate latitude -longitude range covered are 
all listed. Flight I was for checkout and the UVS-was attended by Pana- 
metrics personnel. For all others the UVS was operated by NASA person- 
nel'. The UVS operated properly on all flights, although the amount of data 
for some is small because of large solar zenith angles during most of the 
flight. 

i _ i 

i , 

4.2 GASP/JPL Flights - Fall 1975 

Table 4.2 gives' a complete listing of all GASP flights of Galileo II, 
including those conducted for the Jet Propulsion Laboratory (JPL) for the 
period November 25 to December 16, 1975. Columns 1-3 give the flight 
number, description and date of this flight series, respectively, while 
Column 4 indicates the range of latitude and longitude for each mission. 

The UV Spectrophotometer was on-board and operational for the entire 
flight series. The instrument was attended by Panametncs personnel dur- 
ing flight Nos. 2, 3 and 4. During all other missions, including the test 
flight on November 25 , 1975, personnel from NASA-Lewis Research Center 
operated the instrument successfully. 

The local test flight (No. 1) was intended as an operational check of 
all instrumentation aboard the aircraft and the UVS was only turned on for 
2 short periods of time. Its operation proved to be satisfactory, and the 
instrument was deemed flightworthy. The flight west to east (No. 2) was 
a chase flight m the wake of a United Airlines 747 from Moffet Field, 
California to Patrick Air Force Base (PAFB), Florida. Number 3 was a 
step profile flight over Wallops Island, and was coordinated with the launch 
of a balloon borne ozone sonde from that island. Although flights 4 through 
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Table 4. 1 


Summary of Latitude Survey Flights for the Fall of 1976 


Fit. 

No. 

Date 
(1976) 
(Mo -day) 

Approx. 
GMT range 
(hrs - min) 

Approximate location 
range (lat. , long.) 
(deg N, deg E) 

1 

Oct. 

26-27 

1940-0140 

(37,-122) - 

(40, -105) 

2 

Oct. 

28-29 

2130-0205 

(38, -122) - 

(65, -148) 

3 

Oct, 

29-30 

1905-0055 

(65, -148) - 

(75, -142) - (65, -148) 

4 

Oct. 

30 

1640-2240 

(65, -148) - 

(21,-157) 

5 

Nov. 

1 

1530-2010 

(21,-158) - 

(14, -157) - (21,-158) 

6 

Nov, 

3 

1950-2310 

(21,-158) - 

(10, -161) - (21, -158) 

7 

Nov. 

7-8 

2040-0115 

(21,-158) - 

(-11,-169) 

8 

Nov. 

8-9 

2110-0555 

(-14,-171) 

- (-38, 145) 

9 

Nov, 

10-11 

1815-0010 

(-36, 141) 

- (-43, 147) 

10 

Nov. 

11 

1935-2245 

(-38, 145) 

- (-34, 142) - (-38, 145) 

11 

Nov. 

12-13 

2310-0405 

(-38, 145) 

- (-55, 159) - (-43, 173) 

12 

Nov. 

14 

0245-0810 

(-43, 173) 

- (-62, 171) - (-43, 173) 

13 

Nov. 

16 

0045-0600 

(-43, 173) 

- (-14,-170) 

14 

Nov. 

17-18 

2215-0410 

(-14,-170) 

- (21, -158) 

15 

Nov. 

18 

1845-2315 

(21, -158) - 

(37, -122) 
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Table 4.2 


Summary of GASP/JPL Flights for the Fall of 1975 


Description 


Date (1975) Approximate location range 

Month-Day ' , < Lat ;; ^’L. 

{deg. N, deg. W) , 


1 

Local test 

Nov. 

25 


(37/ 

122) 


2 

W to E Chase 

Nov. 

28 

(37, 

122) - 

(43, 

83) 

3 

Wallops /Balloon 

Dec. 

2 

(28, 

80) - 

(39, 

74) 

4 

JPL 

Dec. 

4 

(28, 

80) - 

(31, 

77) 

5 


Dec. 

6 

(28, 

80) - 

(30, 

7 9) 

6 

1 1 

Dec. 

8 

(28, 

80) - 

(40, 

78) 

7 

n 

Dec. 

10 

(28, 

80) - 

(30, 

80) 

8 

IT 

Dec. 

12 

(28, 

80) - 

(38, 

77) 

9 

ii 

Dec. 

14 

(28, 

80) - 

(31, 

81) 

10 . 

1 1 

Dec. 

15 

(28, 

80) - 

(31, 

82) 

11 

E to W Return 

Dec. 

16 

(30, 

t 

CO 

(37, 

122) 
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10 were mainly conducted for JFL to test various radar equipment, the 
UVS was operational during those missions as well. The return trip from 
the east to the west coast concluded this series. 

The major conclusions from the 1975 flights were presented m Ref. 
1.4, with some of the results also presented m Ref. 4.1, 

5. FLIGHT RESULTS 

5.1 Data Reduction Procedure 

5.1.1 Analysis Equations 

The basic analysis equations are the same as given m Section 2 of 
Ref. 1.6, except that the method of calculating the leakage flux (X) for 
the filter set of average wavelength X has been modified. The modified 
method uses 


with 


B , w = 


B. (X)F, , (9, 

k' totm 


A b> 


(5.1) 


F o U) B q (M 

B k {X) = F o (X b ) B o (X) + S o (X) 


(5.2) 


The symbols have the same meaning as in Ref. 1.6, with F tot m (6, 
being the measured downward flux for the filter X^ used to find the leakage 
flux, = 365.5 nm for the filter set used with the photodiode UVS m the 
fall of 1976. F q (A) and F 0 (A b ) are the unattenuated solar fluxes at X and A b . 
B C (X) and S 0 (X) are obtained from the theoretically calculated solar responses, 
S C (X, t o3 ), for t o3 = 0, 0.3 and 0.6 atm-cm of ozone attenuation. The three 
calculated responses are fit by 

-M c 3(^) t o3 

S q (A, t o3 ) = S Q (X)e + B q (X) (5.3) 

with g Q3 (x) also being determined from this fit. Essentially, B Q {A) is the 
leakage response, and S Q (x) the bandpass response, both for unattenpated 
sunlight (no Rayleigh scattering or ozone attenuation). The value for 
derived m this way is used to calculate the total ozone thickness as des- 
cribed in Ref. 1.6. 

The total ozone thickness is calculated m two ways. One value is ob- 
tained by referencing each narrow- band filter output to that of the 365.5 and 
395.6 broad-band filters to obtain a t o3 (A), as described m Ref. 1.6. 
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A weight w(X) is also calculated and used to obtain an average T^. A sec- 
ond value for the total ozone is calculated by using adjacent (m wavelength) 
narrow -band filters to obtain 


VV = 


- cos8 

^o3^ 'V “ ^03^2^ 


x 


in 


'totm 


'tot o 


(-0- 

(8,^) 


F totm* 0, ^2^ 


(5.4) 


A modified weighting function 


4 , F totm^2^ 

W a ( \> = w < x i F7TJ 
toto V 


(5.5) 


is used to calculate a second average t 0 3 a » The final value for total ozone 
is taken as the average of t o3 and“t o3a . These two values generally are 
equal to within a few percent, and the lack qf this near equality can be used 
as a test for data inconsistency. 

, An additional calculation is made to correct the measured total ozone 
above- the flight altitude to the total ozone above ground level. The method 
has been discussed m Ref, 5.1, and is based on the results of Ref. 5,2, If 
the aircraft is flying at altitude A(km), an approximate correction to obtain 
ground level (A=0) total ozone thickness can be made using the ozone density 
measurement at the aircraft altitude, Pq 3 (A) (mol/cm 3 ). This can be read- 
ily shown using the monthly and annual average vertical ozone profiles given 
in Ref. 5,2. A survey of the data suggests that total ozone above ground 
level can be derived as 


*03^ 

t Q3 (A = 0)- Fi(A) xFzipQ ^ A)) 

where 

F 1 (A) = 1,005 - 0.006 A(km) 

and Fg(PQ^) is given- by the solid curve m Fig. 5.1. The points in Fig. 5.1 
are values of Fg(pQ 3 (A)) calculated from the monthly and annual averages 
of Ref, 5.1. The residual ozone above 35 km was calculated using the 7 km 
pressure scale height from Ref,„ 5.3 and the 32.5 km ozone densities of Ref, 
5.2, and it generally amounted to between 5 and 20%. The calculations were 
made for altitudes of 7.5, 10 and 12.5 km (24600, 32800, and 41000 ft), the 
approximate range of expected flight altitudes. 


(5.6) 

(5.7) 
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Corrected fraction of total ozone above altitude A, F^(A)^F 2 (pq (A)) 


I + 1 % 




% , * 



A t altitud e A (km) : 

F X (A) = 1.005 - 0.006A 

F z (p 03 ) = 1.000 - 5.5.x 10- 15 p O 3 - 3.5 x 10' 27 (p O3 ) 2 
t O3 (A=0) = t 03 (A)/(F I (A) x F 2 (p 0 )) 

Data plotted: 1) monthly averages for 30°, 50°, 70°N 

2) yearly averages for 20°, 40°, 50°, 60°, 8( 
All are for A = 7.5, 10, and 12,5 km. 


Ozone density at altitude A, Pq^ (A) (1 0 ^ ^mol/cm 2 ) 


Fig. 5.1 Graph Showing Accuracy of Approximate Method of 
Correcting Total Ozone Measurement for Partial 
Penetration of the Ozone Layer. 



The.curve m Fig. 5.1’can be fitted by 

| * V ' * 

F 2 (P 03 ) = 1-.000 - 5.5 X 10" 15 Pq 3 - 3.5 x 10 “^(Pq^ 2 {5.8) 

where Pq 3 is m mol/'cm . The results m Fig. 5,1, show that, on. the aver- 
age, it should be possible to calculate the total ozone above ground level to 
a few percent using only 1 q 0 (A) and Pq^(A), although it is possible that in- 
clusion of geographical effects could improve the calculation. The values 
of PQ3 used to calculate F^Pq^) are obtained frpm the measured ozone con- 
centrations and the static air temperature, which are available from the mag- 
netic tape recorded data for the Latitude Survey flights. The conversion is 


Fx (PFB) x 2,652 x 10 7 
T + T/273,16 


>l/< 


moi/cm" 


(5.9) 


where P is the ambient pressure m mb, (PFB) the measured ozone concen- 
tration m parts per billion, and T the static air temperature m deg C. P is 
readily obtained from the pressure altitude. 


All other analysis equations are as given' m Ref, 1.6, and will riot be 
repeated here. The above changes and additions- are the only modifications 
m the data analysis procedure. 


5.1.2' Computer Reduction Methods 

i 

4 ► 

The digital magnetic tape data of the UVS are computer processed in 
four. major steps, using four mam programs written in Fortran, and three 
subroutines (m MACRO for the DEC PDF -10 Computer used for the proces- 
sing), which do the necessary tape data handling and bit processing. Each 
mam program reads an input tape and writes an output tape for the next mam 
program {except for the last), and writes line -printer output which duplicates 
the magnetic tape output for visual use. The general flow of the computer 
processing is shown m Fig, 5.2. 

The raw data for the Latitude Survey Flights for the Fall of 1976 con- 
sist of about two dozen digital magnetic tapes. The data necessary to pro-. 

cess the UVS output forms only a portion of the .total data on these tapes. 

' i { 

Thus the first stage of; processing is by a mam program NASARD, F4, 
which reads the NASA- supplied tapes, strips and decodes the needed data, 
and writes it onto an output tape. This reduces the amount of tape needed 
by nearly an order of magnitude. 
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Fig, 5, 2. Outline of Work Flow in Computer Processing of UYS Magnetic 
Tape Data. 
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Tli'e line printer output from the NASARD. F4 program is used to select 
processing times for the next step, NASVLT.F4, and to obtain the necessary 
starting parameters. The second mam program, NASVLT. F4, averages 
the digitized UVS voltages to obtain a set of 13 average voltages (dark, 10 
filters, 2 cal levels) and their standard deviations for each complete UVS 
filter wheel cycle. The necessary auxiliary data (latitude, etc.) are also 
averaged for each complete UVS cycle, with standard deviations, maxima, 
and minima also calculated. All auxiliary data are tested for deviations 
from a running average to avoid including noise. The amount of output mag- 
netic tape from NASVLT, F4 is about an order of magnitude reduction from 
the input tape amount. 

The UV fluxes and ozone values are calculated by NASFLX. F4, which 
reads the NASVLT. F4 output tape. The fluxes, total ozone, and other data 
are output onto another magnetic tape. The output tape amount from NAS- 
FLX. F4 is about equal to the input tape amount. 

The final summary print- outs are made by the fourth mam program, 
KASPRN. F4. This program selects the desired time range of data, gener- 
ates appropriate validity codes (see Sections 5.2 and 5.3), and prints out 
the results m summary form. These final summaries have been reduced 
for tabular inclusion m this report. 

5.1.3 Modifications for the 1975 Flights 

Processing of the magnetic tape data for the Fall 1975 GASP flights 
was identical to that just described for the 1976 Latitude Survey flights, 
except that the programs were modified for the differences in data format 
and analysis procedure. The NASARD.F4 program required only minor 
modifications because of slight format changes. NASVLT.F4 required 
some modification because the two calibration level steps were only 0.5 
sec long each, rather than the 5 sec of the Fall 1976 data. 

The major modification for NASFLX. F4 was for the UVS-photomul- 
tiplier combinations, and inclusion of the 59 degree cut-off for the solar 
zenith angle. This was accomplished by using a modified diffuser efficiency 
for direct sunlight for sun-detector normal angles greater than 58°. The 
modified diffuser efficiency is 

*4(0) = R(e) 

0 > 58 deg 


0.001 + 0.999e 


-(6 - 


2 

58) /4 


(5.10) 


where R(0) is the non-cut-off calculated relative diffuser efficiency, and 9 
is in degrees. This function provides a suitable roll-off from direct and 
Rayleigh scattered light response to pure Rayleigh scattered light response. 
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The quartz Window m the CV-990 is expected to reflect about 8% of 
the incident light, and this effect has not been included in the analysis of 
the UVS data. Thus the UVS measured fluxes should be systematically low 
by about 8% for the 1975 GASP/JPL flights. The ozone thicknesses should 
not be significantly affected because they are calculated from flux ratios. 

The ozone thicknesses calculated for solar zenith angles greater than 
60 deg have a greater uncertainty than for smaller angles. This is because 
the Rayleigh scattered light is not calculated as accurately as the direct 
sunlight component, and the ozone thicknesses are calculated from the 
ratios of measured and calculated fluxes (see Eq. (5.4)). For 0 sun >60° 
most of the detected light is Rayleigh scattered, with the exception of a 
small amount of direct sunlight scattered by dirt, scratches and imper- 
fections of the quartz window (which is roughly included by the 0.001 term 
m/the brackets in (5.10)), and so results m decreased accuracy. 

The ozone thicknesses calculated from adjacent (in wavelength) filters 
are expected to be more accurate than those calculated from reference to 
the 371.3 and 401.9 nm filters. This is quite evident m the data, where for 
0 sun < 5 9° the two methods give nearly identical ozone thicknesses, but for 
0 surL > 60° the latter method gives thicknesses which appear to be about 
20% too large. Thus the NASPRN. F4 program was modified for the 1975 
GASP data to print out only the adjacent filter ozoije results, calculated as 
described m Section 5.1.1. More discussion of these topics is given in Sec- 
tion 5.3 where the 1975 UVS ozone results are tabulated. 

It must be emphasized that for this 1975 series of flights the instru- 
ment was being operated m a non-standard mode, viewing essentially only 
Rayleigh scattered light. The data processing modifications described m 
this section apply only for that mode of operation. 

5.2 latitude Survey Flights - Fall 1976 

A total of 15 Latitude Survey flights was made with the UVS on the 
NASA CV-990 in the Fall of 1976. Flight 1 on Oct. 26-27, 1976 was a test 
flight with only minimal amounts of UVS data being acquired. Flight 3 on 
Oct. 2 9-30, 197 6 was for twilight conditions with the sun w.ithm about 5° 
of the horizon, hence no useful UVS data were acquired. Flight 4 on Oct. 

30, 1976 was a sunrise flight and so also gave no useful UVS data. 

Thus no magnetic tape data for the UVS were collected for this flight. 

All other flights gave at least some valid UVS data, and these are presented 
in the following pages. 

Each ozone measurement Jtakes one complete cycle of the UVS filter 
wheel, or about 2 minutes. For each complete UVS cycle the necessary 
location and orientation data (latitude, pitch, etc.) averages, standard de- 
viations, maxima, and minima are also calculated. For the ozone density, 
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used to correct the UYS measured ozone to total (above ground level) ozone, 
the average uses only data points with a signal voltage of less than 1.5 volts, 

,to avoid calibration cycles. No additional filtering of the ozone density data 
has been carried out for the UYS data analysis, so some noise may still be 
present m some of the ozone densities listed. For such cases the listed 
total ozone will also be slightly m error, although a corrected value of the 
total ozone can be obtained by using the listed UVS me asured ozone and the 
corrected ozone density to calculate a new total ozone by the method of Sec- 
tion 5.1.1. The ozone density voltages were converted to PPB by 

\ , ’ PPB 0 = < 500V o + 14 ) x1 - 12 (5.11) 

where Vq^ is the measured voltage. The value of PPBq^ was, converted to 
density by Eq. (5.9). 

The measured UVS ozone values have been corrected for detailed solar 
spectrum structure and for the ozone absorption cross sections at about -50°C. 
The listed values are estimated to have a maximum systematic error of +5%, 
which applies only to unflagged values. Flagged values should be considered 
unreliable because of aircraft maneuvering or noisy data. The total ozone 
values are estimated to be almost as accurate as the measured ozone values. 
Under stable flight conditions both of these ozone values should have rela- 
tive accuracies of +2 to 3%. Accuracy of the measurements is discussed 
m more detail in Section 5.4. 

The data have the date (year-month-day), day of the year (from Jan. 1), 
and flight number heading each page. The tabulated data are explained m 
more detail below. 


Column 

Heading 

Explanation 

1 

TBAR(GMT) 
HH MM:SS 

Average time of the UVS measurement, m 
GMT hours -minutes- seconds. 

.2 

EAT (DEG N) 

Latitude - degrees North. 

3 

| 

LONG(DEG E) 

Longitude - degrees East. 

4 

PRESS ALT (KFT) 

Pressure altitude s m kft (1000 ft). 

5 

SUN ANG (DEG) 

Solar zenith angle, in degrees. ' 

6 

' t i 

0 3 PPB 

The measured ozone d.ensity, m parts per 
billion (PPB) (negative = no dfita). 

7 

MEAS OZONE 
(ATM- CM) 

The UVS measured ozone 'above the aircraft 
m atm-cm (-Dobson units). 
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Column 

Heading 

Explanation 

8 

TOTAH OZONE The total ozone above ground level, calcu- 

(ATM-CM) lated as described m Section 5,1.1, in atm-cm. 

9 

QQQQQ 

Five quality codes. All blank indicates valid 
UVS data. For meaning of non-blank codes, 
see belqw, 

10-19 

UV Fluxes 

The measured UV fluxes at the wavelengths 
listed at the top of each column. The wave- 
lengths are m nm, the fluxes in W/( cpi^-np:), 
BB means braad-band filter (^10-30 nm), and 
NB means narrow -band filter (2-3 npa) , 

The conditions which set the five quality codes (column 9) are as 
follows: 

Quality 
Code No. 

Symbol 

Set conditions (one or more will set the code) 

1 

P 

Standard deviation of aircraft pitch angle >2°. 
/ Max-Mm/ for pitch >5°, 

/Average pitch angle/ >5°. 

2 

R 

Same as pitch conditions, but for the roll angle. 

3 

T 

Standard deviation of the true heading >10°, 
/ Max-Mm/ for true heading >30°. 

4 

A 

Standard deviation of the altitude >1000 ft. 
/ Max-Mm/ for altitude >3000 ft. 

5 

M 

The average of the deviation of the 365.5 and 395.6 nm 
(371.3 and 401.9 for the 1975 flights) measured fluxes 
from the calculated fluxes is more than 10% of the run- 
ning average* This generally indicates noisy data. 

5 

N 

The standard deviation of af least one (four for the 


1975 flights) of the average voltages for the dark cur- 
rent, 365,5, 395.6 (371.3 and 401.9 for 1975), p.nd all 
filters contributing to the average ozone measure- 
ment, was >0,1 volt* This indicates noise in the data, 
and overrides the M flag. 

In the following pages UVS data are tabulated for altitudes greater 
than about 10 kft, and solar zenith angles of less than 65°. In Ref. 1.6 
these cut-offs were about 30 kft and 75°, but for the lower altitudes of the 
present flight set it is felt that a 65° solar zenith angle cut-off is more ap- 
propriate. For some of the flights the UVS was turned off for 9 gun >60°, 
so the 65° cut-off is more consistent with actual instrument operation. 

A few flights had data to ® stm >75° for altitudes above 30 kft, and the data 
appear valid to at least 0 = 75°, but the cut-off has still been set at 65° 

for consistency. The tabulated data are presented in flight order below. 
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The following pages give the measured ozone, total ozone, and UV 
fluxes obtained from the UVS for the Fall 1976 Latitude Survey Flights of 
the NASA CV-990. Data are given for the flights listed below, in the 
order of the listing. 


Table 5.1 


Last of UVS Flight Data for Fall 1976 


Flight 

No. 

Date 

(1976) 

Minutes of Valid 
UVS data* 

Page 
No. (s) 

2 

Oct. 28 

40 

22 

5 

Nov. 1 

30 

22 

6 

Nov. 3 

175 

22-24 

7 

Nov. 7-8 

260 

24-27 

8 

Nov. 8-9 

300 

28-30 

9 

Nov. 10 

160 

31-32 

10 

Nov. 1 1 

70 

33 

11 

Nov. 12-13 

240 

34-35 

12 

Nov. 14 

120 

36 

13 

Nov. 16 

160 

37-38 

14 

Nov, 17-18 

215 

39-40 

15 

Nov. 18 

200 

41-42 


^Data for 6 <65°, and altitude >10 kft. 

sun 
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


DATE* 761028 (YR-MQ-DAX) DAY= 302 PLT NO* 2 HASA LATITUDE SURVEY - PAH 1976 


TBAR 

LAT LONG 

PRESS 

SUN 

03 

PPB 

HEAS,. 

OZONE 

(ATM- 

TOTJU,. 

ococ 

0 37JU1 A12.9 _ 289. 2_. 29.4.5_ 

(MEASURED DOWNWARD SOLAR FLUI 
BB 1!!) HB . SB 

303.9 . 
IH (E- 
NB_ 

._30i.4_ 318.8 326. t_ 365.5 

06) W/(CM**2-»n) WAVELENGTH 
HB HB HB 

395.fi 

HUMH:SS 

(GMT) 

(DEG (DEG 

HI E) 

ALT 

(KFT1 

A MG 
(DEG1 

OZONE 

CM) 


IV Nil) 

BB 

' 

2136.31 

38.39 -122.95 

17.62 

56.95 

37 

0.230 

0.237 


.58.4 

5.60 

0.000 . 

0.00 9 

1.25 

5.11 

2t,06 

42. 04 ■_ 

.49.6 

..64.0 

2138:93 

38.61 -123.06 

20.17 

57.31 

47 

0.228 

0.237 


57.3 

5.51 

0.000 

0.010 

1.26 

5.14 

21.24 

42.18 

49.7 

63.5 

2190 55 

38.84 -123. 17 

22.77 

57.68 

43 

0.226 

0.2 36 


57.8 

5.58 

0.000 

0.010 

1.27 

5.21 

21.59 

42« 

49. 1 

62.9 

2143: 7 

39.08 -123.26 

25.20 

58.07 

53 

0.238 

C. 250 

RT 

62-4 

5.94 

0.000 

0.006 

1.13 

5. 18 

22.09 

45.04 

53.7 

70.4 

2145:19 

39.34 -12 3. 24 

27,20 

5R , 52 

53 

0.227 

0. 240 


58,5 

5.64 

0.000 

O.OQS 

.1.25. 

5.16 

.21.98 

42.63 

51.6 

62.4 

2147:31 

39.62 -123.21 

20.10 

58.99 

56 

0.217 

0.230 


M 55.8 

5.74 

0.000 

0.010 

1.20 

5.14 

21.36 

42.45 

47.6 

55.3 

2149.93 

39.92 -123. 18 

30.60 

59.48 

64 

0.223 

0.237 


58.9 

5.87 

0.000 

0.008 

1.21 

4.87 

20.95 

41.83 

. .45.6 

.60,8 . 

2151:55 

40.21 -123. 15 

31.05 

59.96 

61 

0.222 

0.236 


57.7 

5.69 

0.000 

o.ooa 

1.12 

4.76 

20. 11 

38.86 

47.2 

61.3 

2159: 7 

40.49 -123. 13 

31.05 

60.44 

55 

0.218 

0.231 


M 55.0 

5.83 

0.000 

0.006 

1.02 

.. 4.55 

.20.29 

39.41 

_.44.3 

_ 52,7 

2156:19 

40,79 -123. 10 

31.06 

60.93 

49 

0.233 

C. 248 


49.9 

4.77 

o.-ooo 

0.005 

0.89 

4.00 

19.49 

37.60 

44.9 

56.8 

21 c a.31 

41.08 -123.07 

31.06 

61.42 

47 

0.213 

0.226 

* 

M 47.9 

5.29 

0.053 

0.004 

_0 . §,1 

3,72_J6,41_.33.04_ 

_ 37,5. 

‘>!Ll2 

2200:93 

41.37 -123.04 

31.05 

61.91 

47 

6.224 

0.238 


45.7 

4.45 

0.000 

0.004 

0.80 

3.76 

17.68 

35.67 

41.9 

54.2 

2202:64 

4 1.66 -12 3. 01 

31.05 

62.39 

5 1 

0.223 

0.237 


51. 1 

4.87 

0.000 

0.005 

0.77 

3.66 

18, 10 

36,6 3.. 

41.2 

_ 5Q.9 

2205; 6 

41.96 -122.98 

31.06 

62.89 

53 

0.225 

0. 239 


54.5 

4.90 

0.000 

0.004 

0.68 

3. S3 

17.63 

35.24 

4 1.9 

53.5 

2207: 19 

42. 25 - 12 2. 94 

31.06 

63.38 

45 

0.227 

0.241 


49.7 

4.33 

0.000 

0.002 

0.59 

. 3.22 

16.27 

34.58 

40.3 

52.5 

2204:29 

42.54 -122.94 

31.05 

63.85 

41 

0.222 

0.236 

D 

H 49.9 

7.02 

0.079 

0.002 

0.53 

2.95 

14.93 

31.35 

36.1 

47.6 

2211-41 

42.83 - 12 3. 01 

31.06 

64.29 

37 

0.232 

0.247 


51.0 

4.03 

0 . DO 0 

0.000 

0.47 

2.90 

15,78 

34,37 

40.5 

52.4 

2213:53 

43. 1 1 -123.09 

31.05 

64.73 

39 

0.235 

0. 249 


47. 1 

3.66 

0.000 

0.000 

0.39 

2.74 

15.63 

33.74 

40. B 

51.4 

2216: 4 

43. 40 - 12 3. 16 

31.05 

65.16 

33 

0.243 

0. 258 

— 

“8.0 

3.40 

0.000 

0.000 

_ 0.35 

2.44 

.15,00. 

.33,03 _ 


_ .51,1 

DATE* 761101 (YP-MO-DAY) 

DA Y = 306 

FLT 40= 5 


HASA 

LATITUDE SURVEY - PALL 1976 



- 



mi 

MT. 1,01(5 

.PRESS. 

SIJK 

03 

MEAS 

TOTAL 

OOOOO 374.1 

312,8 

289.2 

2 94.'5 

303.9 

.308,4 

318. a 

326.1 

365.5 

.395.6 

mi ii: ss 

(DEG (DEG 

ALT 

A1IG 

PPB 

020HE 

030 tIE 


(MEASURED 

DOWNWARD SOLAR FLUX 

IN (E- 

06) H/(CM**2-8M) WAVELENGTH 

IN H If) 

___ I7REL. 

Hi. ., -SI 


{ D EGi 



(ATM- 

CM) 



BB . 

BD. 

- . NO 

„.HB_ 

HB 

HB. 

HB. 

„„_HB 

J3B. 



19 40:5 2 

19.24 -155.56 

14.89 

60.63 

56 

0. 241 

0. 249 


52.7 

3.81 

0.000 

0.000 

0.63 

3.49 

16.92 

35.69 

45.7 

58.3 

13 4 J: 4 

19.42 -155.65 

14 .89 

60.26 

54 

0. 232 

0. 240 

B 

53.2 

3.60 

0.000 

0.000 

0.63 

3.74 

17. 18 

35.32 

4S.S 

57.3 

1845. 16 

19.61 -155.53 

14.89 

59.89 

54 

0.244 

0.252 


53.6 

3.64 

0.000 

0.000 

0.67 

3.59 

17.09 

36.14 

46.2 

59.0 

1347: 27 

19.80 -155.49 

14.85 

59.52 

55 

0.245 

0.253 


53.4 

3.77 

0.000 

0.000 

0.69 

3.68 

17.35 

36.56 

46.2 

60.3 

18 4 1.39 

19.98 -1S5.46 

14.36 

59.15 

54 

0.243 

0. 251 


54.3 

.3,91 

0.000 

0.000 

.0,77 

1,33. 

.18,31 

_38,20 

ttXuL 

.6LS 

1851:51 

20. 15 -155.43 

14.37 

58.78 

55 

0. 242 

0. 250 


56.1 

4.14 

0.000 

0.002 

0.84 

4.14 

19.01 

39.51 

49.2 

62.7 

1854: 3 

23.27 -155.46 

13.66 

58.42 

51 

0.228 

0. 234 

PRTAM 20.3 

0.00 

0.000 

0.000 

0.77 

4.39 

20.96 

43,0« 

48.8 

44.0 

1856: 14 

20. 1 2 -155. 52 

11.04 

57.96 

47 

0.243 

0.249 


54.5 

4.17 

0.000 

0.002 

0.80 

3.91 

17.68 

36.43 

45.2 

59.9 

1858.20 

19.94 -155.55 

11.04 

57.45 

47 

0.245 

0.251 


54.5 

4.05 

0.000 

0.003 

0.04 

4,05 

17.99 

37.00 

47,2 

_ 61,3 

1905)* 38 

19.76 -155.58 

11.04 

56.94 

53 

0,245 

0.251 


56.2 

4.16 

0.000 

0.003 

0.91 

4.28 

18.60 

38.37 

49. 1 

63.1 

1402-50 

19.53 -155.61 

11.04 

56 44 

49 

0.246 

0.252 


56.3 

4.30 

0.000' 

o'. 004 

0.96 

4,36 

..18,73... 

38,31 

4„9 1 Q_ 

63,7 

1)05: 1 

19.40-155.65 

11.04 

55.94 

52 

0.247 

0. 254 


56.9 

4.29 

0.000 

0.005 

1.02 

4.50 

19. 26 

39.43 

49. 3 

64.9 

190 J- 13 

19. 22 -155. 68 

11.04 

55.43 

52 

0.246 

0. 252 


58.3 

4.64 

0.000 

0.006 

1.08 

4.79 

20. 05 

41.09 

51.4 

65.9 

1)09:25 

19.05 -155.71 

11.04 

54.93 

67 

0.243 

0.250 


59.7 

5.07 

0.000 

0.007 

1.19 

5.09 

20. B7 

42.22 

52.2 

66.9 


DATE* 751103 (YR-HO-DAY) DAY* 300 

rBAR_ . LAT _ _ .LONG . „f>3 

Hli N N : 5 S (DEG (DEG ALT ANG PPB 

IG0U tti E) XKEI) (I! EG) 


FIT 110= 6 HASA LATITUDE SURVEY - FALX 1976v 

HEAS TOTAL QjQQQQ._ »?7U , 312«8_ 289.2 .299,5. 303. 9,_308. 4. .3 IE .8 .326 . 1 365.5__39S.fi. 

OZONE OZONE (MEASURED DOWNWARD SOLAR FLUX IH ( E- 06) W/ (CM** 2-KH) WAVELENGTH IH NH) 

_ (ATKrCH) BB . _BB RB HE HH HB HE SB Efl HB. 


2006:45 

21. 09 -157. 90 

6.14 

47.94 . 

-20 

0.244 

0.246 

P A 

65.5 

5.94 

0.000 

0.022 

2.02 

.7.06 

25. 11. 

49.75 . 

60.4 

.77.3 

2008:58 

20.90 -157.93 

9.68 

47.46 

-20 

0.237 

0.241 

R A 

84.2 

8.58 

0.000 

0.028 

2.33 

7.81 

27.55 

51.18 

60.1 

76.3 

231 1:10 

20.67 - 157. 91 

13.75 

46.93 

-20 

0.233 

0.239 

A 

70.8 

7.75 

0.000 

0.038 

2.80 

8.87 

30.01 . 

55,46 

65,8 

.82.6 

2313:22 

23.42 -157.89 

17.03 

46.39 

22 

0.230 

0.237 

A 

74,6 

8.88 

0.000 

0.045 

3.11 

9.75 

32.04 

58.17 

67.3 

84. 1 

2315: 34 20. 16 -157. 87 

19.87 45.84 

38 

0,229 

0.238 

0.239 


78.5 

_ 9.66. 
10.39 

.0.000 

0.000 

0.051 . 

.3.40 

10.38 

3 3. 66 60.79 


86.9 

2017:46 

19.90 -157. 85 

22.54 

45.28 

31 

0.229 

R 

82.6 

0.059 

3.75 

11.15 

28. 85 

64.39 

75.7 

92.0 



DATB= 751103 ~"(YR-H0-DA!f) &A Y= 308 PLT II 0= HAS* "tlTITODE SOBVEyV Fill ’ 1976 


'tbar 

HHHNlSS 

(SHU- 

LAT LONS 

(DEG (DEG 

-N> SL_ 

PRESS 

ALT 

_(KF.r}__ 

SUN 

ANG 

_£B£G)_ 

03 

PPB 

HEAS 
06 ONE 
(AXHr 

TOTAL 
OZONE 
CH) 

.Q.CQfiU, 

374.1 312.8 289.2 294.5 

(NEASURBB D09N HARD SOLAR FLUX 
.BB BB HE JIB 

303,9_ 
IN (E- 
NB.„ 

_30.8_,.4 „3je*S_J26. 1 365.5 395.6 

06) W/(CH**2-NH) WATELENGTH IB BN) 

„ MB NB HB BB HB 

2322:11 

19. 39 -158.02 

26.75 

44.32 

35 

0.224 

0.236 



83.0 

11.49 

0.095 

0.073 

4.17 

12.04 

37.38 

66.05 

74.2 

-91.4 

2024:23 

19. 12 -158. 14 

28.42 

43.85 

39 

0.224 

0.237 



85.0 

12. 09 

0.107 

0.082 

4.39 

12.45 

38.61 

67.43 

76.0 

93.2 

2326.35 

18. 84 -158.26 

30.16 

43.37 

41 

0.222 

0.236 



87.9- 

12.82 

0.113 

0.090 

4.70 

13.30 

39.95 . 

. 70.19 

78.0 

95.7 

2028,47 

18. 56 -158. 38 

31.07 

42.89 

40 

0. 224 

0.238 



88.2 

13.33 

0.115 

0.096 

4.63 

13.60 

40.58 

71.41 

79.7 

97.4 

2030:59 

Id. 28 -156.50 

31.06 

M2. 42 

54 

0. 222 

0.2 36 



92.2 

13. 91 

0.130 

0.103 

5.07 

13.95 

.41,8.7 

73,54 

80. .9. 

98.7 

' '20 3 3 1 l " 

18. OO "- 158. 62^ 

31.06 

41.94 

59 

0. 224 

0.238 



93.5 

14. 37 

0.140 

0.110 

5.11 

14.21 

42.41 

73.39 

81.2 

98.8 

2035:23 

17. 73 - 158. 74 

31.07 

41.47 

42 

0. 225 

0.239 



94. 1 

14.07 

0.129 

0.113 

5.19 

14.45 

42.54 

73.93 

83.2 

-101.1 

2337: 35 

17.45 -158.85 

31.07 

40.99 

50 

0. 226 

0.240 



94.9 

14.41 

0.133 

0.113 

5.22 

14.29 

42.26 

73.49 

82.3 

101. 1 

2339-47 

17. 18 -158. 97 

31.06 

40.52 

59 

0.226 

0.-241 



93.8 

14. 36 

0.136 

0.118 

5.30 

14.36 

42.48 

73.46 . 

- B2.7 

100,9 

204 1-5? 

16. 90 -159.09 

31.06 

40.05 

63 

0, 22$ 

0.241 



95.7 

14.78 

0.141 

0.124 

5.43 

14.66 

43, 12 

75.19 

84.0 

101.9 

2344 11 

16. 64 -159.20 

31.07 

39.58 

63 

0. 228 

0.243 



97.2 

15. 13 

0.145 

0.126 _ 

5.52 

15.00 

43.76 

.-76,22- 

—8.5,4-. 

104.3 

2096.23 

16. 37 - 159.31 

31 .06 

39. 11 

67 

0. 227 

0.241 



98. 1 

15. 19 

0.148 

0.111 

5.63 

15.32 

43. 66 

76.32 

86.1 

102.1 

2048.35 

15. 1 1 - 159. 42 

31.06 

33. 65 

66 

0. 258 

0.275 



90.8 

13.21 

0.142 

0.102 

4.37 

14.02 

44.07 

76.50 

. 79.4_. 

103.6 

2350 46 

15. 85 - 159. 53 

31.07 

38. 18 

56 

0.226 

0. 2 40 



100.5 

15. 82 

0.152 

0.144 

5.96 

15.57 

44.57 

76.59 

86.7 

106.8 

2042.58 

1 5. 59 -159.64 

31.07- 

-37. 72 

49 

0.211 

0.224 


n 

102.5 

17.62 

0.239 

0.126 

5.50 

13.89 

40. 16 

.57.10 

58.0 

- .90.4 __ 

2.)S!> 10 

15. 3 3 - 159.75 

31.07 

37.26 

39 

0.227 

0.241 



92. 1 

16.00 

0.157 

0.153 

6.10 

15.91 

45. 22 

78.24 

87.7 

107.6 

2057.22 

15.07 -159.86 

31.07 

36.80 

33 

0. 293 

0.7 11 


n 

100. 3 

17. 40 

0.206 

0.158 

3.42 

9.66 

34. 75 

60.02 

75.8 

95.1 

2354:34 

14.81 -159.96 

31.06 

36 . 33 

30 

0.232 

0.2 46 



103.6 

16. 60 

0.153 

0. 162 

6.20 

15.89 

*18.00 

80.51 

88.7 

108.0 

2101 U5 

14. 55 -160.06 

31.07 

35.87 

26 

0. 227 

0.241 



104.1 

17. 10 

0.166 

0. 171 

6.52 

16.82 

47.59 

80.82 

90.0 

109.3 

2 10 J 57 

14. 28 - 160 16 

31.06 

35. 40 

25 

0.230 

0.244 



104.2 

16. 97 

0.164 

0.177 

6.50 

16.81 

47.37 

81.07 

91.1 

110.8 

210s: 0 

14. 03 - 160. 26 

31.07 

34.95 

24 

0.229 

0.243 



104.1 

16.72 

0.158 

0. 182 

6.62 

17.10 

47.80 

82.33 

92.0 

111.4 

2103.21 

1 3. 76 -160. 36 

31.07 

34. 46 

27 

0. 227 

0.241 



105.3 

17. 54 

0.173 

0.191 

6.86 

17.59 

48.51 

82.20 

91.2 

111.7 

21 10-32 

1 3. 50 -160.46 

31.07 

34.02 

30 

0. 228 

0.242 



105.8 

18. 00 

0.179 

0.198 

6.89 

17.63 

48. 37 

82. 38 

91.7 

112.2 

2 112. 44 

1 3. 23 -160.57 

31.07 

33.56 

32 

0. 229 

0.243 



105.9 

17.61 

0.172 

0.205 

6.92 

17.53 

48. 23 

82.42 

92.4 

113.2 

2114:56 

12. 96 - 160.67 

31.07 

33. 10 

74 

0. 228 

0.242 



105.3 

17. 47 

0.172 

0.213 

7.11 

18.17 

49.26 

83.70 

93.5 

112.9 

2117: 7 

12. 69 -160. 77 

31.07 

32.63 

36 

0. 225 

0.239 



106.8 

18. 15 

0.185 

0.226 

7.36 

18.37 

49.30 

83.44 

93.0 

114.7 

2119:19 

12. 42 -160. 87 

31.07 

72. 17 

33 

0. 228 

0.242 



108. 2 

18. 49 

0.184 

0.230 

7.35 

18. 34 

49.71 

83.93 

94.2 115.8 

212? 31 

12. 1b -160.98 

31.06 

31.72 

34 

0. 226 

0.239 



109.2 

18. 29 

0.174 

0.241 

7.60 

18.77 

50. 36 

85.06 

95.7 

115.8 

2123:42 

1 1. 89 -161. 08 

31.07 

31. 26 

34 

0. 219 

0.233 



109. 1 

19. 89 

0.199 

0.25 3 

7.95 

19.38 

51.51 

8 1 ♦ 7 U 

90.3 

115.1 

2123 54 

11.62 -161.18 

31.06 

30.81 

31 

0.212 

0.225 


N 

111.5 

21. 53 

0.277 

0.255 

7.99 

19.34 

51.96 

82.81 

78.8 

106.4 

2123: 6 

11. 36 -161.28 

31.07 

30. 36 

28 

0. 214 

0.2 27 


_tl 

. 90.6 

. 22. 68 . 

. 0. 159 

0.195 

6.28 

-15.35- 

. 39.13 

. 62.31— 

66.4 . 

—82.5 

2130:17 

11.09 -161.37 

31.07 

29.91 

32 

0. 237 

0.252 


(1 

78.0 

12.88 

0.115 

0.172 

5.80 

14.95 

40.64 

68.52 

74.5 

92.9 

21 12:23 

13. 83 -16 1.47 

31.06 

29.47 

32 

0.234 

0.249 


.8 

94.4 

17. 60 

0. 183 . 

. 0.193 

6.36 

15.89 . 

. 43.99 . 

, 74.13 . 

_ 78.3 

-1QQ-3 

2134 41 

10.62 -16 1.4 1 

31 .04 

29.09 

31 

0.232 

0.2 46 

RT 

N 

143. S 

23. 33 

0.158 

0.30 3 

9.99 

20.65 

61.27 

114.81 

126.0 

144. B 

? 1 1ft; 52 

10. 7ri_ - 1 ft 1 7 1_ 

.ja.m 

_23. 02. 

17 . 

-Q..193 . 

fl-?nu 

RT* 

H 

85.0 



161 £-05 

__2£.06-_ 


U9_2- 

SA A 

2133: 4 

11. OS - lb 1. 59 

29.15 

28.97 

28 

0.237 

0.250 

R 

H 

65.8 

12. 05 

0.097 

0.134 

4.75 

12.10 

32.80 

57.64 

60.6 

76.3 

2141-16 

11. 32 -161.49 

29.05 

28.94 

22 

0.240 

0.254 


H 

82. 3 

15.71 

0. 130 

0.211 

6.21 

16.21 

43.29 

77.03 

81.3 

103.2 

214 3-27 

1 1. 58 -161 38 

29.06 

28.91 

23 

0. 229 

0.242 



81.1 

16. 46 

0. 132 

0.268 

8.20 

20.62 

54.67 

91.88 

98.7 

121.8 

2 145.39 

11.83 -161.27 

29.06 

28.00 

28 

0. 225 

0.238 



107.2 

19. 00 

0.193 

0.264 . 

. 7.81 

18.96 

9.70 

83.96 . 

- 92.6 

— 1 14—2 

2147:53 

12. 08 -16 1. 16 

29.07 

28.90 

30 

0. 226 

0.239 



112.8 

19. 82 

0.215 

0.274 

7.88 

19.32 

50. 94 

85.41 

93.4 

115.5 


j2 



_ai 

Q A 22M 

0.236 



JIM- 3 

20. 46 . 

.. 0.21 0. . 

_ 0.289. 

8. 4.2.. 

.20. 44— 

-S3- 37. 

B9.21L- 

.38-2- 

123—8 

2152 14 

12.60 -160.93 

29.06 

28.97 

31 

0.226 

0.279 



115.6 

20. 29 

0.200 

0.278 

8.29 

20.39 

53.53 

90.67 

99.1 

121.8' 

2154 25 

12. 87 -160 82 

29.06 

29.03 

27 

0.227 

0.240 



113.7 

20. 16 

0.198 

0.275 

8.22 

20.27 

53.55 

90.16 . 

. 99. 0 

.121. 5-- 

215b: 37 

13. 13 -160.70 

29.06 

29. 12 

26 

0.227 

0.239 



116.0 

20. 31 

0.207 

0.276 

8.33 

20.42 

53.89 

90.51 

99.7 

123.9 

2 11a 4 9 

11.41 -160.58 

29,06 

29. 22 

26 

0. 229 

0.242 



115.8 

20. 08 

0.197 

0.264 . 

8.16 . 

. 20.28 

54.24 

91.55_ 

_ 99.8 

_ 122. 3__ 

220 1: 9 

13.68 -160.46 

29.06 

29. 34 

28 

0.228 

0.241 



115.9 

20.59 

0.209 

0.265 

8.21 

20.25 

54.02 

90.89 

99.7 

123.5 

220 3: 12 

_J3,9 6 -14Q,34 

29.02 

-22. 4ft 

27 

2, 228 

0., 241.. 



114.6. 

.19,81 

.0. 19ft.. 

a. 258 . 

£.06 19.96 

.-51.34. 

89.46 

98-0 

121-0 

220 3:23 

14.23 -160. 22 

29.06 

29.64 

24 

0.229 

0.242 



112. 9 

19.74 

0.197 

0.250 

7.89 

19.44 

52.09 

88.07 

97.1 

121.1 

2207 33 

14.50 -160.10 

29.06 

29.81 

62 

0.230 

0.244 



. 113,4 

19.47 

0.189 

0.246 

. 7.84 

.19.59 

52.80 

88.84 .. 

_ 97.6. 

1 1 9^.8 

2209:47 

14.78 -159.98 

29.06 

30.00 

44 

0.215 

0.228 


H 

112. 2 

19.59 

0.197 

0.244 

7.82 

19.39 

50.18 

86.51 

96.2 

87.5 

221 1.58 

1 5. 05 -159.86 

29.06 

30. 21 

50 

D. 274 

0.290 



105.7 

14.24 

0.000 

0.219 

5.83 

19.21 

40. 80 

78.80 . 

96.6 

125.4 

2214: 10 

15. 33 -159.74 

29.06 

30.44 

54 

0. 253 

0.2 6B 

R 


88. 5 

10.72 

0.000 

0.201 

6.90 

12.25 

37.88 

50.89 

98.6 

109.0 

1 ft * 7 1 

_J5.6J -159. 64 

29.06 30.68 

54 

0.222 . 

0.241 



.7 2.2 . 

..10. 21 

. Q.ooa. 

_ 0.22 9 

_Z.2£__ 

19.29.. 

52. 4 B.. 

89. 19 

9R-Q 

121-0 

2213:33 

15. 89 -159.54 

29.06 

30.93 

58 

0.226 

0.240 



116. 9 

15. 10 

0.000 

0.232 

7.80 

19.37 

52.07 

88.42 

95.6 

120.2 

22213: 45 

16. 17 -159.43 

29.05 

31.20 

58 

0.213 

0.226 


H 

114.0 

21.97 

0.233 

0.218 

7.04 

15.77 

45. 16 

73.55 

77.7 

97.2 

2222:56 

1 5.44 -159.32 

29.06 

31.48 

57 

0. 232 

0.2 46 



105.4 

18. 21 

0.183 

0.226 

7.39 

19.11 

51.84 

87.20 

95.5 

119.4 



N) 


DATS* 751103 (IR’MO-DAf) 

TB A3 [i AT LOK G PRESS 

aitntCSS (DEG (DEG ALT 

L3«T} .Ji) El USED. 


DAT= 308 ELI HO* 6 HASA LATITUDE SUB VEX - TALL 1976 

__SUH 03 HEAS TOTAL OOOOQ 37 4. 1 312 ,8 289.2 294.5 „ 30.3. 9_ _30Q-JL__ 3.1.8.. B _326.,l . J6S.S — 395.6. 

AKG PPB OZONE OZONE (MEASURED DOWNWARD SOLAR PLtlX IN (E-06) W/<CH**2-SH) WAVELENGTH IB BH) 

_CC.RQ3 (ATn-CH) BB EB MB HD HB UB -HE HE RB_ B B 


2225: B 

16.71 -.159.21 

29.06 

31.77 

56 

0.234 

0.248 


113.7 

2227. 20 

16.98 -159.11 

29.05 

32.06 

54 

0.228 

0.242 


111.5 

2221 31 

17. 24 -159.01 

29.06 

32. 36 

51 

0.231 

0.245 


112.4 

22 J 1-43 

17. 49 -158.91 

29.06 

32.67 

44 

0.229 

0.242 


11 1.6 

22J3. 54 

1 7. 74 -158.60 

29.06 

32.99 

43 

0.230 

0.744 


11 3.5 

22 16: 6 

17. 99 -158.70 

29.06 

33. 32 

41 

0.226 

0.239 


111.6 

22)9: Id 

IB. 25 -150.50 

29.05 

33.65 

39 

0.227 

0.240 


110.9 

2243: 29 

18.49 -158.50 

29.06 

34.00 

35 

0.228 

0.241 


109.0 

2242: 4 1 

18. 73 -158. 4 1 

29.06 

34. 34 

41 

0.228 

0.241 


108.9 

2244 52 

18.97 -158.31 

29.06 

34.70 

40 

0.230 

0.244 


107.6 

2247- 4 

19. 22 -158.21 

28.14 

35.07 

39 

0,227 

0.2 39 

R 

108.3 

224 ); 16 

1 9, 48 -158.1 1 

26.05 

35.47 

37 

0.231 

0.243 

R 

10ft. 7 

225 1. 27 

19. 73 -157.99 

24.65 

35.87 

35 

0.234 

0.24S 

RT 

102. 1 

224 !: 39 

19. 99 -157.98 

22.82 

36. 26 

41 

0.232 

0.243 


104.4 

22S5: 50 

20. 26 -157.97 

19.11 

36.66 

47 

0.236 

0.245 

A 

101.7 

2258: 2 

20.52 -157.97 

14.39 

37.06 

50 

0.236 

0.243 

P A 

98.8 

— - - - - 

— 

— 

- 

— 

- 


- -- 

— 

__ _ __ __ 

, _ 

- — 



- — 


— 

~ - . 




19.07 

0.179 

0.218 

7.30 

18.99 

51.65 

07.79 

9B.0 

,_120.B 

19.05 

0.187 

0.214 

7.48 

18. B5 

51.56 

87.04 

95.8 

119.3 

18.89 

0.182 

0.212 

7.29 

18.56 

51.19 

87.06 

96.8 

119.1 

18.84 

0.185 

0.210 

7.39 

18.93 

51.69 

87.26 

95.0 

118.9 

19.08 

0.185 

0.207 

7.24 

18.57. 

51.34 


_9<u7_ 

119.4 

19.11 

0.1 95 

0.208 

7.34 

18.73 

51.00 

86.44 

95.6 

117.5 

18.36 

0.177 

0.199 

7.19 

IB. 26 

50.75 

85.81 

94.6 

116-6 ... _ 

18.13 

0.180 

0.192 

6.95 

17.68 

49.07 

83.94 

92.8 

116.2 

18.00 

0.171 

0,186 

6.90 

17.74 

49.63 

83.84 

93.0 

114.5 

17,84 

0.170 

0.177 

6.65 

17.16 

48.58 

83.33 

” 9 2.2" 

114.2 

18. 25 

0.186 

0. 168 

6.53 

17.08 

U7. 07 

76.85 

87. 3 

110.7 

' 16.83 

0ll63‘ 

“ 6 . f5 3 ~ 

6'. 12 

16.09 

45.77 

71.88 

88. 5 

109.8 

16. 14 

0.159 

0.145 

6.00 

14.13 

45. OB 

80.79 

87.1 

110.1 

16. 36 

0.161 

0.137 

5.70 

15.28 

44.30 

75.92' 

85.9 

108.3 

15.05 

0.120. 

0.117 _ 

5.23 

14.27 

42.71 

74.31 

84, 6 

106_,J1_ 

14.65 

0.154 

0.107 

4. 87 

13.51 

39.36 

67.85 

80.2 

107.6 




DATE 3 761137 ( i R-KO-DAX) DAX= 312 

PBAR l.AT LO SS fiRJSS SUH. 03 

HHBlYsS (DEG {DEG ALT AHG PPB 


FLT NO* 7 NASA LATITUDE SU2VEI - TALL 1976 

__ BEAS TOTA L 0000 0 374 . 1 31 2.8 289,2 294 ,5 303.5 AQJ...S 3J0J.8 326.-1 365. 5 .39 5.6 

OZONE OZoTb (MEASURED DOWNWARD SOLAR FLUX IN (R-06) W/ (CH**2— HB) WAVELENGTH IN NB) 

(AUL^CH) JIB BE MB HE NB BE HB HB BB HH. 


2351:26 

20. 61 - 158.02 

15.94 

42.54 

6 7 „. 

.0.245 

0.253 

PR 

A. 

81.9 

11.18 

0.079 

0.054 

3.12 

.9.73 

30.85, 

59.01 

66.7. 

2353: 38 

23. 38 - 158.02 

19.31 

42.08 

43 

0.191 

0.199 

R 

ft 

70. 1 

9.76 

0.000 

0.078 

4.55 

11.67 

33.99 

51.58 

54.4 

2085:50 

20. 14 -158.02 

21.40 

41.61 

51 

0.225 

0.235 


H 

81.7 

a. 55 

0.091 

0.068 

3.91 

11.05 

34.88 

60.59. 

_ 62.4 

2058: 3 

19. 88 -158.01 

24.21 

41.12 

53 

0.245 

0. 257 

R 

B 

80.7 

12.35 

0.109 

0.075 

3.53 

10.51 

35.72 

68.97 

68.8 

2100: 15 

19.61 -15B.04 

26, 3B 

40.66 

—4?. . 

0.269 

0.283 

R 


70,5 

5,89 

0,000 

0,061 

3,44 

. .14,37. 

. 42,4 9 7 8,63. 

85* 3 

2102.2; 

19.36 -158.15 

28.13 

40.24 

39 

0.226 

0. 239 



89.6 

13.42 

0.122 

0.109 

5.10 

13.96 

41.38 

71.69 

79.9 

2104 39 

19. 12 -158.25 

30.43 

39.83 

19 

0.227 

0.240 



91.2 

13.72 

0.130 

0.119 

5.35 

14.63 

42.60 

73.84 

82.9 

2 1 Do: 5 1 

18. 88 -158. 35 

31.05 

39.41 

23 

0.225 

0. 239 



93.8 

14.61 

0.144 

0.130 

5.64 

15.13 

44.06 

75.72 

84.7 

2131. 4 

18. 63 -158.45 

31.04 

39.00 

21 

0.227 

0. 241 



93.3 

14.18 

0.142 

0.133 

5.67 

15.32 

44.60 

76. 19 

eu.4 

21 1 1 16 

19.38 - 158.54 

31.04 

38.59 

22 

0.224 

0. 2 38 



96.2 

15.16 

0.147 

0.139 

5.88 

15.64 

44.87 

77.51 

85.1 

2113:23 

18 14 -158.64 

31.04 

38. IB 

24 

0. 223 

0. 236 



96.4 

15.35 

0.165 

0.145 

5.98 

15.69 

44.77 


84.2 

2il5.H0 

1 7. 69 - 158. 74' 

31.04 

37.77 

26 

0.226 

0.240 



96. 3 

15.94 

0.167 

0.153 

5.97 

15.82 

44.72 

76.26 

85.6 

211 ;-52 

17. 64 - 188.85 

31.04 

37. 37 

25 

0.225 

0.239 



98.1 

15.60 

0.155 

0.153 

5.99 

15.60 

44. 19 

76.92 

88,2. 

2123: 4 

17. 39 -158.95 

31.03 

36.96 

23 

0 224 

0. 238 



97.1 

15.87 

0.161 

0.158 

6.06 

15.89 

44.03 

76.68 

84.9 

2122:16 

17. 14 -159.05 

31.05 

36.56 

31 

0.224 

0.238 



98.6 

16.29 

0.163 

0. 165 

6.21 

16.04 

44.57 

77.03 

05. 3 

2124 27 

16. 89 - 159. 15 

31.04 

36.16 

27 

0.635 

0.674 


H 

88.6 

0.00 

0.000 

0.000 

12.03 

29.11 

56.36 

24.67 

110.7 

212b:3*i 

16. 64 - I j9.24 

31.04 

35.77 

26 

0.223 

0.236 



101.7 

16.67 

0.179 

0.185 

6.67 

16.92 

47. 44 

80.60 

88.9 

2 1 2 d 46 

Is. 39 - 159.34 

3 1.04 

35. 18 

28 

0.225 

0.239 


100.9 

16.96 

0.178 

0.185 

6.67 

17.10 

47.26 

80.50 

90.7 

21 10:58 

16.14 - 159.44 

31.05 

34.98 

21 

0.229 

0.243 



86.1 

16.28 

0.000 

0.143 

6.67 

17.52 

48.30 

82.76 

93.4 

2133:10 

15. 88 - 159.54 

31.03 

34.59 

23 

0.242 

0.257 



102.8 

17.66 

0.193 

0.162 

5.98 

15.99 

41.48 

95.79 

92.2 

2135 21 

15. 63 -159.64 

31.04 

34.20 

24 

0.227 

0. 241 


a 

84.3 

15.20 

0.319 

0.213 

6.14 

18.49 

42.50 

76.25 

71.3 

” 2 1 J 7 : 3 3 

15 38 - 159.74 

31.05 

33.81 

26 

0. 222 

0.236 



102.7 

19.19 

0.205 

0.205 

7.32 

15.35 

45.54" 

81.21 

92.8 

2111 45 

15. 13 -159.04 

31.04 

33.43 

25 

0.223 

0. 236 



105.7 

17.38 

0.195 

0.222 

7.36 

18.29 

49.82 

04.06 

93.7 

— nwi‘57 

14.88 -159.94 

31 754 

33.05 

27 

0.225 

0.239 



108.5 

18.40 

0.188 

0.224 

7.40 

18. 5B 

50.99 

85.50 

94.4 

2144: 9 

14.62 - 160.03 

31.04 

32.68 

29 

0. 223 

0. 2 16 



105.6 

18.74 

0.210 

0.225 

7.25 

18.02 

49.60 

79.70 

87.3 

2140.20 

14.36 -160. 13 

31.05 

32.30 

30 

0.219 

0.233 



104.2 

14.41 

0.153 

0.212 

7.72 

18.30 

49.77 

85.85 

94 . 3 

2148.32 

14. 10 - 1t)0. 23 

31.04 

31.92 

31 

0.226 

0.240 



110.1 

18.39 

0.189 

0.235 

7.44 

18.81 

49.08 

84.14 

96.1 

2150 44 

1 3. 85 -160. 33 

31.04 

31.55 

29 “ 

0.228 

0. 242 



110.8 

19. 33 

0.204 

0.246 

7.57 

17.63 

51.38 

05.88 

95.4 

2152-56 

13. 59 -160. 43 

31.04 

31. 19 

26 

0. 999 

1.060 


H 

110.4 

18.10 

0.199 

0.245 

7.86 

19.62 

51.36 

20.63 

96.2 

2155: 3 

1 3. 33 - 160.53 

31.04 

30.83 

62 

0. 223 

6.237 



109.2 

19. 15 

0.175 

0.264 

8.05 

19.71 

52. 34 

B7.41 

96.5 

215 /t 19 

13. 07 - 160.63 

31.04 

„ 30.47 

_ 2 1 

0.225 

0.239 



111.7 

19.80 

0.216 

0.261. 

8.04 

..19.79 

- 52.71, 

. _87. 65 . 

.—56.6- 

2159-.31 

1 2. 02 - 160. 73 

31.04 

30.12 

19 

0.223 

0.236 



109.8 

19.04 

0.205 

0.272 

8.24 

19.96 

53.08 

88.47 

96.9 

— 220 1. 41 

_ 12. 56 - 160.32 

31.04. 

_.29.77 

_21 

0.226 . 

0.240 



112.7 

19.88 

0.211 

0.276 

S. 23 

20.20 

. 53.21 

89.52 

.300.0 

2203-55 

12.31 -160.92 

31.05 

29.43 

23 

0.226 

0.240 



112.4 

19.75 

0.205 

0.272 

8.19 

20.11 

53. 07 

89*93 

98*2 

2?0h. 6 

1 2. 05 -161. 02. VLOH 29^10. 

21 

_Q. 224 

,.0.2 38 



.312. Q... 

.14.82 

11-217— 

.XL. 2 8 6 

B. 22. 

J20.19 _S3 _47 

84.81 

5R_2. 

2206: 18 

11,79 -16 1. 1 1 

31.04 

28.76 

30 

0.227 

0.241 



111.3 

20.02 

0.209 

0.283 

8.27 

20.29 

53.24 

88.90 

98.1 

_2210: 30 

. 11.53 -16 1.21 

31.04 

28.41 

_ 30 . 

0.224 

0.237 



112.0 

19.89 

0.214 

0.292 

.. 8.53 

. 20.42 

- 53.65 

-50.01. 

__ 95^2. 

2212.41 

11.27 -16 1.31 

11.04 

28. 11 

30 

0.223 

0.236 



115.7 

19.58 

0.239 

0.297 

8.39 

20.53 

54. 12 

88.23 

95.6 

. 2214:53 

11.01 r 16 1 . 4 1 

31.05 

27.79 

26 _ 

.0.240 

0.255 



99.0 

16.60 

0.230 

0.272 

7.60 

19.30 

.53.49 

-.91.43, 

97. 4_ 

2217. 5 

10. 75 -16 1.51 

31.04 

27.47 

28 

0.225 

0.239 



115.3 

20.64 

0.228 

0.301 

8.45 

20.47 

53.39 

88.03 

96.6 

_22±-4:J.I 1 0., 4 4_; JL6..1. 6J 31.04- 

.-22, 16_ 

—13 

-Q.,232 _ 

.0.246, 



108.4 . 

.19,65.. 

.0-208.. 

0,272.. 

_ 8.0O-. 

—38, 53.97. 

_86.19 95,-2. 

222 1- 28 

10. 22 -16 1.71 

31.05 

26.86 

40 

0.227 

0.241 


a 

108.8 

20.24 

0.25B 

0.278 

7.59 

19.03 

49.99 

79.64 

84.5 

222 3 40 

9.9S -161.81 

31.04 

26.55 

26 

0.236 

0.250 



78.4 

14.42 

0.2S8 

0.252 

. 7.41 

.17.82 

50,49 

88.16 

8 9, B 

2223 52 

9.68 -161.91 

31.05 

26.26 

43 

0.223 

0.2 37 



109.2 

15.93 

0.222 

0.303 

8.95 

21.46 

52.49 

94.08 

102.0 

2226: 3 

9.42 -162.00 

31.04 

25.98 

35 

0.251 

0.267 



105.8 

15.66 

0.182 

0,233 

_ 6.80 

. 18.73 

47.92 

. 86.40 

91.4. 

2230- la 

9. 16 -162.10 

31.04 

25. 71 

37 

0.205 

0.217 


H 

110.1 

24.65 

0.320 

0.304 

8.74 

21.58 

47.11 

57.77 

73.1 


8. 62 -162.30 
8, 35 - 162.90 


31.04 

25.17 

25 

0.216 

0.229 


97.5 

19.81 

0.257 

0.280 

8.47 

19.56 

48.33 

84.77 

90.2 

105.9 

31.05 

24.91 . 

29 

0.220 

0.234 


105.6 

19,11 

.0,206 

0.291 

- 8.64 

20,92 

,.55.24_ 

.94.04 

3!U5_ 

95. .5 

31.05 

24.65 

29 

0.220 

0.233 

K 

119.3 

21.55 

0.266 

0.269 

7.59 

15.69 

44.68 ' 

58.70 

80.7 

97.1 

31.04 

24.40 

26 

0.2*2 

0.257 

R 

86.9 

12.41 

0.106 

0.194 

5,79 

14.38 

40.51 

S9.66 

77,1. 

.76 .13 

31.04 

24.17 

31 

0.228 

0.242 


71.2 

11.48 

0.101 

0.277 

7.95 

19.44 

47.68 

82.50 

89.1 

106.9 


. 326_ A, ?40_ 


.12 1 SL.M 5.1.33 az.a 


2247:48 

6. 99 -162.90 

31.05 

23.73 

34 

0.21 1 

0. 224 

N 

79.3 

22.36 

0.227 

0.216 

7.05 

19.28 

53. 39 

88.62 

47.3 

53.1 

2253: 0 

6. 72 - 163.00 

31.34 

23.53 

122 

0.000 

0.000 

H 

O.0 

0.08 

0.474 

5.525 

30.27 

40.74 

20.45 

20.50 

_ 0.0 

0.2. 

2254. 7 

" 6. 2 1 "- 16 3. 18 

31.04 

23.17 

-20 

0.290 

0.307 

M 

59.4 

8.42 

0.000 

0. 185 

4.80 

12.20 

38.87 

77.83 

82.0 

93.9 
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DATS= 751137 "“(YH-NO-DAY) DA* = 312" FLT 


tba a 

HH(l>t:SS 


...LA? LONG PHJSS SUN 0.3 _ BEAS 

(DEG (DEG ALT ANG PPB" OZONE 


2256:18 

5.94 - 163,28 

31.05 . 

22.99 

-.20 ... 

0 , 229 . 

2253:30 

5.66 - 163 . 38 

31.05 

22.82 

181 

0.219 

2300:42 

5 . 39 - 163.48 

31 .05 

22.66 

-20 

0.247 

2302:53 

5 . 11 - 163.58 

31 .0 4 

22.51 

19 

0.225 

2 ) 05 - 5 

4.84 - 163.68 

3 L,os 

22 . 37 

.19 

0 . 223 _ 

2 307:17 

4.56 - 163 . 7 b 

31 .29 

22.24 

19 

0.219 

2103-23 

4. 28 - 163.98 

33.00 

22 . 12 

19 

0.225 

231 1:40 

4.0 1 - 163.98 

34.53 

22.02 

-20 

0. 221 

2313:52 

3.73 - 164.08 

35.01 

21.92 

-20 

0. 221 

2316 - 3 

3.46 - 164 . 18 

35.02 

21.85 

136 

0.223 

2313 15 

3.18 - 164.27 

35.03 

21.78 

420 

0 . 223 

2320.26 

2 . 90 - 164 . 38 

35.02 

21.72 

18 

0.221 

2322:33 

2.62 - 164,48 

35.03 

21.67 

25 

0.224 

2124.50 

2 . 34 - 164.58 

35.00 

21.64 

20 

0 . 225 

232 7 : 1 

2.07 - 164.67 

35.0 1 

21.62 

20 

0.222 

2123.13 

1.80 - 164.77 

35 . D 2 

21.62 

36 

0 . 226 

2131:24 

1,5 3 -1 64.67 

35.02 

21,63 

159 

0.225 

2)3 1:36 

1.26 - 164.97 

35 .02 

21.65 

19 

0.223 

2135:47 

0.99 - 163.07 

35.00 

21.68 

20 

O . 225 

2137:51 

0 . 7 2 - 165 . 16 

35.02 

21.73 

19 

0.225 

2340 : 1 0 

0 . 44 - 165 . 26 

35.02 

21.79 

21 

0.226 

2342:22 

0 . 16 - 165. 36 

35.02 

21.85 

22 

0.22 3 

2144: 31 

- 0 . 1 1 - 165.46 

34.96 

21.93 

24 

0.227 

2 34 a : 4 5 

- 0 . 38 - 165.56 

35.02 

22.03 

23 

O . 22 3 

2348.57 

- 0.66 - 165.66 

35.03 

22 . 12 

, 20 

0.221 

2351 . 8 

- 0 . 94 - 165.76 

35 .02 

22.24 

21 

0.224 

2353:20 

- 1.2 1 - 165.86 

35.03 

22.36 

21 

0.221 

23, > 31 

- 1.49 - 165.96 

35 .02 

22.50 

21 

O . 223 

2357-4 3 

- 1.77 - 166.06 

35.0 3 

22.64 

20 

0.223 

2153 : 5 a 

- 2.04 - 166.16 

35 .02 

22.79 

20 

0.221 

.. 0302 6 

- 2 . 32 - 166.26 

35.01 

22.96 

20 

0. 22 3 

0004 ; 18 

- 2.58 - 166.35 

35.0 2 

23.14 

20 

0.220 

_ Q 0 Q 6 : 2 i 

. - 2 . 85 - 166.45 

35.02 . 

. 23.34 

. 20 

0.222 

0008:4 1 

- 3 . 1 1 - 166.54 

35.02 

23.55 

24 

0.223 

—OUlIlii. 

- 308 . -15 6 . A 4 35 .07 23.76 

26 0.223 . 

00 13 : 4 

- 3.64 - 166.74 

35.02 

23.98 

29 

0.225 

.. 031 a , 15 

- 3.91 - 16 b .84 

35.03 . 

24.21 

.30 „ 

0.222 

00 17:27 

- 4. 18 - 166.93 

35.02 

24.44 

32 

0.224 

. 00 H : 39 

- 4.45 - 167.03 

35.02 

24.69 

34 

0.223 

0321:50 

- 4.72 - 167.13 

35.03 

24.94 

31 

0.226 

0324 : 2 . 

— 4 - 9 8 aJ 67.23 35.02 25 ^ 20 _ 

no 

J&+.222 . 

032 b : 1 3 

- 5.25 - 167.33 

35.02 

25.46 

40 

0.225 

. 0328:25 

- 5.52 - 167.42 

35.02 

25.73 

.42 

0 . 225 

0010:35 

- 5.79 - 167.52 

35.02 

26.01 

50 

0.227 

. 0332:48 

.- 6.06 - 167,62 

35.03 
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5.3 GASP/JPL Plights - Fall 1975 

A total of 11 flights was made with the UVS on the NASA CV-990 for 
the GASP/JPL. series m the Fall of 1975. This was a feasibility test for 
the UVS, and it was mounted inside the CV-990, viewing the sun through 
a quartz window. This resulted m a 59° cut-off m the sun-diffuser normal 
angle, and required the analysis procedure described m Section 5.1. 

Valid UVS data have been obtained for 7 of the 11 flights of 1975. 

Flights 1 and 8 have no UVS data for e su;n <75°, while no magnetic tape was 
received for flight 4. The magnetic tape for flight 2 appears to have a differ- 
ent format than the other tapes, and so was not processed. The remaining 
seven flights have varying amounts of valid UVS data, which are tabulated in 
the following pages. As noted m Section 5.1.3, the ozone thickness values 
are taken from the adjacent filte-r calculations only. The format is identical 
to that for the 1976 flights. 

A change has been made m the set conditions for the N(noise) Q flag. 
The 0.1 volt standard deviation (see discussion in Section 5.2) is nearly al- 
ways exceeded by the dark current and filters with low signal levels. This 
is because the greater gain of the photomultiplier allows use of much lower 
light levels, which increases statistical fluctuations in the low level outputs. 
Thus the N flag was set only if more than four standard deviations in signal 
voltage exceeded 0.1 volt. It will be seen m the tabulated data, that for 
^sun < 59° the signal levels are generally large enough to avoid setting N, 
but that for ® sun > 69° the N flag is usually set. This is expected because 
the latter condition involves the lower signal levels from the Rayleigh scat- 
tered light alone. The calculated ozone thicknesses also show this increased 
noise, with the scatter increasing significantly for 0 >5 9°. For 0 >5 9° 

it is thus better to average three or more consecutive ozone measurements 
to reduce the statistical errors. The flux values for 0 >59° are likely to 

have errors larger than 50%, because the direct solar flux is essentially 
being calculated from the Rayleigh scattered flux alone. Flux ratios are 
much more accurate, though, especially for nearby wavelengths. 

The UVS data for the Fall 1975 flights, for d san < 65° and the altitude 
>10 kft, are presented below. 
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The analyzed UVS data for the Fall 1975 NASA GASP/JPL flights on 
the CV-990 are presented in the following tabulations. Data are given for 
the flights listed below. 


Table 5.2 


List of UVS Flight Data for Fall 1975 


Flight 

No. 

Date 

(1975) 

Minutes of Valid 
UVS data * 

Page 
No. (s) 

3 

Dec, 2 

120 

45 

5 

Dec. 6 

150 

46-47 

6 

Dec. 8 

230 

48-49 

7 

Dec. 10 

185 

50-51 

9 

Dec. 14 

245 

52-53 

10 

Dec. 15 

230 

54-55 

11 

Dec. 16 

125 

56 


*Data for 0 <65°, and altitude >10 kft. 

sun ' 
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Some of the data, from the 1975 flights were reduced earlier and pre- 
sented m Ref. 1.4. Results from flight 3 over Wallops Island have been 
compared with balloon sonde and Dobson instrument measurements (Ref. 4.1). 
All these data are compared with the recomputed UVS results m Table 5, 3, 
For altitudes less than 40 kft the present and earlier (Ref. 1.4) UVS ozone 
results are m excellent agreement. The averaged UVS total ozone is nearly 
identical to the integrated sonde ozone, and about 5% greater than the Dobson 
ozone. In view of the fact that all UVS measurements m Table 5. 3 were with 
9 san >59°, the agreement is excellent. The extreme non-standard operating 
conditions for the UVS in the Rayleigh scattered light only mode make the 
UVS derived ozone (for ©sun 5 ^ 0 ) uncertain by more than +5%, probably as 
high as +10%, for altitudes less than 35 kft. Above 35 kft the UVS ozone 
values become even more inaccurate because much of the Rayleigh scatter- 
ing takes place m the ozone layer, and the measured solar UV attenuation 
becomes a complicated function of the ozone thickness and vertical distrib- 
ution (this was discussed briefly- m Ref. 1.4). The last three values for 
UVS ozone m Table 5. 3, being for 0-.,„>65 o , are not listed m the data tab- 
ulations, which are cut off at 0 g = 65°, but vyere taken from the full data 
listings. 

The data tabulations do not include all the times presented m Ref. 1. 4, 
because the magnetic tape data did not include all the t^me covered by the 
strip chart recordings used for the data presented in Ref. 1,4. 
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Table 5.3 


Comparison of Ozone Measurements for the 
Wallops Island Flight of Dec. Z, 1975 


Time 

GMT 

Altitude 

v sun 

Measured* 

Total* 

Integrated 
sonde ozone 

Measured 

ozone 

_ , / Meas. here \ 

Ratio ) 

\Meas.Ref. 1.4/ 

(hr -mm) 

(kft) 

(deg) 

ozone 

ozone (Ref s. 1 . 4 & 4,1) 

(Ref. 1.4) 

1657 

14. 7 

59.4 

0. 322 

0. 333 


_ 

- _ 

1734 

20. 0 

60. 9 

0. 333 

0. 347 


- 

- 

1745 

20. 0 

60. 4 

0. 341 

0. 355 


- 

- 

1807 

25. 0 

63. 0 

0. 346 

0. 364 


- 


1822 

31. 1 

64. 0 

0. 309 

0. 329 

0. 312 

0. 312 

0. 990 

1836 

31. 1 

63.7 

0. 307 

0. 328 

0. 312 

0. 310 

0. 990 

1853 

35. 0 

66. 3 

0. 307 

0. 332 

0.307 

0.319 

0. 962 

1917 

40. 0 

69. 3 

0. 279 

0. 304 

0.301 

0. 250 

1. 116 

1926 

40. 0 

69. 3 

0. 267 

0. 291 

0. 301 

0. 233 

1. 146 

tQ averages for Alt. 

<35 left 

0. 324 

0. 341 


0. 314 


From Ref. 

4. 1 : Dobson tQ^ = 

0.324, Integrated sonde 

t 03 = 0.340 




^Listed values are averages of three consecutive measurements. All measurements are 
approximately at 38°N lat., 75°W long,, +1°. 


Note; all ozone values are m atm-cm. 



5.4 Comparison of UVS Derived Columnar Ozone with 
Dobson Station Measurements - Fall 1976 

The Latitude Survey flights of 1976 overflew several Dobson Stations, 
allowing the comparison of UVS derived total ozone thicknesses with those 
obtained from the Dobson instruments. A total of nine stations, not all of 
them listed In Ozone Data of the World (Ref. 5.4), were overflown, and are 
listed in Table 5.4 (note that American Samoa was not strictly overflown, 
as there was still 'a 1° latitude difference). 

As of June 1977 Dobson data- for five overflights have been received 
(D. Briehl, personal communication), and these are compared with the UVS 
derived total ozone, as discussed in Section 5,1, in Tables 5.5 to 5.10. The 
comparison results are summarized in Table 5.11. 

The Manna Loa comparison on flight 5 is given in Table 5.5. Since 
flight 5 was a dawn flight, there is not much UVS data for solar zenith angles 
less than 60°. Thus the Mauna Doa comparisons are for near the end of the 
flight, and are at comparatively low altitudes. The comparison is, however, 
quite good, with the Dobsop and UVS data averages being for nearly the same 
tirpe. The Dobson data show about 7% chapges m an hour, so the less than 
2% disagreement of the Dobson and UVS total ozone is better than the vari- 
ability in the Dobson- measured total ozone. 

The Hobart comparison on flight 9, given in Table 5.6, also shows 
excellent agreement between Dobson and UVS total ozone values. For this 
comparison the high altitudes and small solar zenith angles are conditions 
for the most reliable UVS results. There is some diurnal variation evident 
in the Dobson ozone data, but near the time of the comparison the variations 
are small, only about 2% m an hour. The UVS and Dobson total ozone values 
agree to about 2%. Note that the UVS total ozone includes a 7% addition to 
the measured ozone value, whereas for the lower altitude Mauna JLoa data 
the addition is less than 3%. 

The Aspendale comparison on flight 9, given m Table 5*. 7, has com- 
parisons with UVS data from three different altitudes. The higher altitude 
derived UVS total ozone values are about 4% low, while the low altitude 
(10.2 kft) value is 1.6% high. The average for all UVS total ozone values 
is 2.5% low, when compared to the Dobson data. This type of disagreement, 
while not large, could be due to a vertical ozone profile different from that 
corresponding to the averaged distribution used in the procedure to convert 
the measured UVS ozone to total ozone. Since the Dobson data show only 
small variations (less than +3% from the average), the 1 hour difference be- 
tween the times of the comparison measurements should not be a significant 
factor. The comparison suggests that UVS and Dobson total ozone agree to 
_+2%, with the conversion to total ozone possibly adding another 2% disagree- 
ment for high altitude UVS measurements. 
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UVS data from flight 11 are compared with Hobart Dobson data m 
Table 5-8. The Dobson data, taken from about local noon on through the 
afternoon, show +7% variation about the average of the four measurements. 
The 0057 GMT Dobson measurement is about 7% higher than the UVS aver- 
age for about 1 hour earlier. The UVS and Dobson average agree almost 
exactly. Extrapolation of the Dobson data back 1 hour from the 0Q57 and 
0E05 GMT measurements would give a large disagreement, but for a ques- 
tionable Dobson ozone value. In view of the large variations ,in the Dobson 
data, it seems best to use the average for comparison with the UVS total 
ozone, but to consider the resulting ratio (0,997) as uncertain by at least 
a few percent. 

The comparison with the Macquarie Island Dobson data for flight 11 
is given m Table 5.9. The 0053 GMT Dobson measurement used for com- 
parison is almost identical’to the average. The variation is +3% about the 
average, less than half that for Hobart on this flight. The UVS total ozone 
is 5% lower than the Dobson measurement made an hour earlier. 

The tabulated UVS data for flight 11 (pp. 34-35) show that the UVS 
total 'Ozone only varies by +3% maximum during the overflight periods for 
each of the two Dobson stations. Thus there was no significant latitude 
structure in total ozone near the Dobson stations during the overflight 
period. However, the data from flight 11 show that at 45°S latitude the 
total ozone at 0023 GMT and 149°E longitude was 0.314 atm- cm, and at 
0338 GMT and 171°E longitude it was 0.345 atm-cm (both are averages 
of 2 consecutive readings). Thus for a difference of 3 hours and 22° in 
longitude, the total ozone increased by 10%. (The ozone density data show 
a significant concentration of ozone at 0338 GMT and 37 kft, indicating pos- 
sible partial penetration of the aircraft into the stratosphere at this time.) 
The UVS data thus show that there was some structure in the longitudinal 
total ozone distribution, and are in agreement with the variability observed 
m the Dobson data if it is assumed that this structure was convected past 
the Dobson stations during the several hours covered by the various data 
m Tables 5.8 and 5.9. The comparisons for this flight may thus be subject 
to errors introduced by the total ozone variability over the Dobson stations, 
and the 1 hour difference between Dobson and UVS measurement times. 

The Dobson-UVS total ozone differences in Tables 5.8 and 5.9 are thus likely 
to be maximum deviations, with the actual agreement being significantly 
better. 

The comparison of UVS total ozone with the Wellington Dobson data for 
flight 13 are given m Table 5.10. Here only one Dobson measurement for 
about 2-1/2 hours after the overflight is available. The agreement is to 2%, 
but the tabulation of UVS data for flight 13 (pp. 37-38) shows latitudinal vari- 
ations, so the comparison may be influenced by the substantial time differ- 
ence. 
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Table 5.4 


List of Dobson Stations for Comparison with UVS 
Ozone Column Measurements for the Fall 1976 Flights 


Station 

Name 


Latitude Longitude Flight numbers for 
(deg N) (deg E) comparisons* 


Mauna Loa 

19. 53 

American Samoa 

-14.25 

Mildura 

-34. 00 

Aspendale 

-38. 03 

Cape Grim 

-40. 68 

Wellington 

-41. 33 

Hobart 

-42. 83 

Invercargill 

-46. 42 

Macquarie Island 

-54. 48 


-155. 58 

5/6,7/- 

-170.57 

-/-/ 14 

141. 92 

-/10/- 

145. 10 

9/-/- 

144. 68 

-/9,11/- 

174. 82 

13/-/- 

147. 50 

9.11/-/- 

168.32 

-/n, 12 / 

158. 97 

11/-/12 


♦Flight number order is: Comparisons made/ Possible additional 
comparisons/ Flights at same latitude but different longitude. 
Possible additional comparisons indicates that UVS ozone data 
exist, but Dobson station data have not been obtained. The 
possible comparisons for Mauna Loa are actually about 3 ° 
longitude to the west. 
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Table 5. 5 


Comparison of UVS Columnar Ozone with Dobson Data 
from Mauna Loa - Flight 5, Nov. 1, 1976 


Dobson Ozone Data (.Use average of underlined values for comparison): 
Time (GMT - hr s -min) : 1753 , 1757 , 1946 , 1951 , 2033, 2036 
Total ozone (atm-cm) : Q. 265 , 0. 265 , 0. 246 , 0. 246 , 0.265, 0.266 
Averages for comparison; 1852 GMT, 0.256 atm-cm 


UVS Ozone Data (Use average values for comparison): 


Time (GMT) 
(hr s - min) 

Lat, Long 
(deg N, deg E) 

Alt. 

(left) 

®sun 

(deg) 

Meas. 

ozone 

Total 

ozone 

1845 

19. 61, -155. 53 

14, 9 

59. 9 

0. 244 

0. 252 

1903 

19.58, -155. 61 

11.0 

56. 4 

0.'246 

0. 252 

Averages for comparison: 

1854 GMT, 0.245, 0.252 atm-cm 


So ; Measured U V S 

Dobson 

Total UVS 


Dobson 


0. 984 



Table 5.6, 

Comparison of UVS Columnar Ozone with Dobson Data 
from Hobart - Flight 9, Nov. 10-11, 1976 


Dobson Ozone Data (Use average of underlined values for comparison): 

Time (GMT'- hr s - min) : 2058, 3206 , 2304 , 0006, 0057, 0202. 0410. 0508. 0609.0716 

Total ozone (atm-cm): 0,33 6, 0.332 , 0.326, 0,317,0.311.0.317,0.325. 0.326. 

0.330,0.339 

Averages for comparison: 2235 GMT, 0.329 atm-cm 


UVS Ozone Data (Use average values for comparison): 


Time (GMT) 
(hrs-min) 

Lat, Long 
(deg N, deg E) 

2229 

-42. 16, 146. 43 

2233 

-42.60, 146. 97 

2242 

-42. 02, 147. 26 


Alt. ®sun Meas. Total 

(kft) (deg) ozone ozone 


29. 6 

50. 

8 

0.298 

0.316 

35. 8 

49. 

7 

0.298 

0,320 

39. 0 

47. 

8 

0. 303 

0, 331 


Averages for comparison; 2235 GMT, 0.300, 0.322 atm-cm 


So; 


Measured UVS 
Dobson 


0, 912 


Total UVS 
Dobson 


0. 979 
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Table 5.7 


Comparison of UVS Columnar Ozone with Dobson Data 
from Aspendale - Flight 9, Nov, 10-11, 1976 

Dobson Ozone Data (Use underlined value for comparison): 

Time (GMT - hr s- mm); 2058, 2112, 2129, 2126, 2226 ,0545, 0622, 0635 
Total ozone (atm -cm); 0.322, 0.324, 0.315, 0.314, 0.318, 0.323, 0.326, 0.330 
Value for comparison; 2226 GMT, 0.318 atm-cm 


UVS Ozone Data (Use average for total ozone only); 


Time (GMT) 
(hrs-mm) 

Dat, Dong 
(deg N, deg E) 

Alt, 

(kft) 

©sun 

(deg) 

Meas. 

ozone 

Total 

ozone 

2317 

-38. 17, 145. 26 

39. 0 

41. 7 

0. 282 

0. 307 

2319 

-37. 98, 145. 04 

39. o 

41. 4 

0. 278 

0. 303 

2333 

-38. 06, 145. 13 

25. 0 

38. 9 

0. 291 

0. 306 

2357 

-38. 00, 145. 09 

10. 2 

34. 6 

0. 315 

0. 323 

Averages for comparison; 

2332 

GMT, 

0.310 (total) atm -pm 


So; Alt(kft) Measured UVS/Dobson ■ Total UVS/ Dobson 


39. 0 

0. 881 

0, 959 

25. 0 

0. 915 

0. 962 

10. 2 

0. 991 

1. 016 


' Total UVS\ 
k Dobson / 


0. 975 
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Table 5. 8 


Comparison of UVS Columnar Ozone with Dobson Data 
from Hobart - Flight 11, Nov. 12-13, 1976 


Dobson Ozone Data (Use underlined value for comparison): 

Time (GMT-hrs-rmn) : 0057 , 0205, 0301, 0510 

Total ozone (atm-cm) : 0.328, 0.294, 0.286,, 0.319 

Value for comparison: 0057 GMT, 0.328 atm-cm 
(Averages: 0246 GMT, 0.307 atm-cm) 


UVS Ozone Data (Use average values for comparison): 


Time (GMT) 
(hr s -mm) 

Lat, Long 
(deg N, deg E) 

Alt. 

(left) 

y sun 

(deg) 

Me as. 
ozone 

Total 

ozone 

0002 

-42. 64, 147. 33 

35. 0 

34.4 

0.282 

0. 302 

0004 

-42. 89, 147. 55 

35. 0 

34. 1 

0.290 

0. 311 

0006 

-43. 14, 147. 74 

35. 0 

33. 9 

0. 285 

0. 306 


Averages for comparison: 0004 GMT, 0.286, 0. 306 atm-cm 


So: 


Measured UVS 
Dobson 


0. 872 


Total UVS 
Dobson 


0.‘ 933 


/ Meas. UVS \ 
\Dobson Av / 

/ Total UVS \ 
\Dobson Av/ 


0. 932 


0. 997 
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Table 5. 9 


Comparison of UVS Columnar Ozone with Dobson Data 
from Macquarie Island - Flight 11, Nov. 12- 13, 1976 

Dobson Ozone Data (Use underlined value for comparison): 

Tune (GMT-hrs-min): 1942, 2140, 0004, 0053 
Total ozone (atm-cm): 0.365, 0.358, 0.347, 0. 358 

Value for comparison: 0053 QMT, 0.358 atm-cm. 


UVS Ozone Data {Use average values for comparison); 


Time (GMT 
(hr s -min) 

Dat, Long 
(deg N, deg E) 

Alt. 

(kft) 

®sun 

(deg) 

Meas. 

ozone 

Total 

ozone 

0147 

-54. 31,158. 74 

35. 0 

37. 1 

0. 317 

0. 340 

0151 

-54. 49, 159, 54 

35. 0 

37. 6 

0. 318 

0. 342 

0154 

-54. 38, 160. 00 

35. 0 

37. 7 

0. 318 

0. 342 

Averag 

es for comparison 

: 0151 

GMT, 

0.318, 0.341 

atm-cm 


So; Measured UVS 
Dobson 


0 . 888 


Total UVS 
Dobson 


0. 953 
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Table 5. 10 


Comparison of Columnar UVS Ozone with Dobson Data 
■ from Wellington - Flight 13, Nov. 16, 1976 

Dobson Ozone Data: 

Time (GMT-hrs -mm): 0339 
Total ozone (atm-cm): 0.362 

UVS Ozone Data (Use average values for comparison): 


TIME (GMT) 

{hrs-mm) 

Dat, Dong 
(deg N, deg E) 

Alt. 

(kft) 

9sun 

(deg) 

Meas. 

ozone 

Total 

ozone 

0114 

-41. 59, 174. 47 

31. 8 

26. 9 

0. 345 

0. 370 

0116 

-41. 39, 174. 74 

32. 9 

27.2 

0. 340 

0.369 

0118 ' 

-41. 17, 175. 02 

33.0 

27.4 

0. 339 

0. 367 


Averages for comparison: 0116 GMT, 0.341, 0.369 atm-cm 


So: 


Measured UVS 
Dobson 


.0. 942 


Total UVS 
Dobson 


1. 019 
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A summary of UVS-Dobson total ozone ratios is given in Table 5.11. 

The average of what are considered to be the six best values is 0,985, show- 
ing that the UVS and Dobson total ozone values agree tp 1.5%. Tips is about 
the same result derived from the two AT=0hr measurements, with the first 
2 entries in Table 5.11 giving an average ratio of 0.982. The UVS total ozone 
values thus agree with the Dobson data presented here to about 2%. ,As dis- 
cussed earlier, the data for flight 9 over Aspendale indicate a possible +2% 
additional variation in the conversion of measured ozone to total ozone, 
caused by extreme deviations m the vertical ozone proxies from the aver- 
age used m the conversion procedure. Overall, the UVS tot^l ozone values 
are generally m the range of 0% to 5% below the Dobson values. 

Calculations summarized m Ref. 5.5 show that Dobson measurements 
can vary by up to a few percent from the true total ozone because of vari- 
ations m the vertical temperature profile and the dependence of the ozone 
absorption cross section on temperature (Ref. 3.4). As already discussed, 
the conversion of UVS measured ozone to total ozone can also have errors 
of +2% or so for non-standard vertical ozpne profiles, which are not uncom- 
mon as illustrated by the data in Ref. 5.6. Thus the agreement of (die UVS 
and Dobson total ozone values are excellent, and within the accuracy possible 
without more detailed conversions. 

All of the ozone values from the UVS are derived from the narrow band 
(NB) (2 nm) filter measurements, and are thus directly comparable to the 
Dobson measurements, which are about 1 nm bandwidths. For the 1976 
flights an additional set of two broad band (BB) filters (^12 nm) was used. 
Comparison of the BB calculated ozone thicknesses to the' NB results show 
systematic deviations of 30% high for small 0 to nearly equal at 0 = 70°, 

The results are summarized m Table 5,12, which compares measyireinents 
made m the 30-40 kft altitude range. The analysis procedure is identical to 
that for the NB filters, using calculated responses to derive the leakage flux 
and effective ozone absorption cross section, as described m Section 5.11. 

The BB filter ozone data give an inherently less accurate ozone mea- 
surement, since a given change in ozone thickness produces a significantly 
smaller attenuation change than the corresponding optirrium. NB filter. The 
normal UVS operating mode uses the one or two best (in the sense pf show- 
ing "optimam 11 attenuation for that particular time) of six NB filters for a 
given ozone measurement, and thus achieves better accuracy over a wide 
range of ozone thicknesses. This is particularly necessary for large 9 suri ^ 
angles, where the attenuation path of solar UV through the ozone layer may 
be as large as 0.6 to 1 atm- cm. 

Our findings are similar to the results reported in Ref. 5.7, where 
Dobson and Filter Ozonometer measurements were directly compared. 

Most of the total ozone measurements from the USSR and Eastern Europe 
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are made with Filter Ozonometers, with BB filters 'with full-width-at-half- 
maximum transmission bands of, about 25 nm (Ref. 5.7). The data m Ref. 

5.7 show that these BB Filter Ozonometers give values of total ozone about 
10% low for small 0 gun and up to 30% high for large 0 sun , when compared 
directly with Dobson spectrophotometer results. The UVS results, using 
a modified method of data'analysis with leakage flux subtraction, show a 

k * _ . 

similar magnitude deviation, although with an opposite dependence on 9 s ivn . 

It should be possible to devise a corrected analysis procedure, possibly 
involving more than a three parameter fit to the calculated response as 
shown in Section 5.1.1, which will give more accurate ozone thicknesses 
from the BB filter measurements. However, the BB filter derived ozone 
values are unlikely to equal the accuracy obtainable with an optimally atten- 
uated NB filter'. The UVS data analysis procedure weights the different NB 
calculated ozone values to emphasize the optimally attenuated measurements, 
and so should always give an ozone thickness more accurate than that obtain- 
able from BB filter measurements. The UVS accuracy should be similar to 
that of the Dobson instruments, since the wavelength band widths are com- 
parable (1-2 nm). This indeed was found from the direct comparisons pre- 
sented earlier. 

» ► ^ l *■ 

Since there are some deviations between Dobson and Filter ground 
based Ozonometers, the UVS could be used to provide direct comparison 
of such ground ozone stations t by a suitable overflight program. Should it 
become possible m the future to make flights with the UVS and other in- 
struments over some of the Filter Ozonometer stations m the USSR and 
Eastern Europe, - this would ,p,rovide data of considerable, use in eliminating 
possible systematic differences between different .ground based ozone stations. 

The UVS columnar ozone measurements for additional possible com- 
parisons with Dobson data are". summarized m Table 5.13. These are from 
overflights of Dobson stations for which no Dobson data have been received. 
The UVS measurements are generally averages of two or more entries from 
the Tables m Section 5.2. Note that American Samoa was not actually over- 
flown, the UVS data being for a location^ 0 -North of the coordinates m Table 
5.4, Only unflagged data 'have been used to obtain’ the averages in TableS. 13. 
Not all the stations are listed m "Ozone Data for the World" (Ref, 5.4), but 
are from a list supplied by NASA. 


69 



Table 5.11 


Summary of Comparison of UVS Columnar Ozone with 
Dobson Data for Fall 1976 Flights 


Flight 

Date Dobson 

(1976) Station 

Av. Alt. 
(kft) 

/Meas. UVS\ / 
\ Dobson / \ 

Total UVS\ 
Dobson / 

Comments 

a) 

5 

Nov. 1 Mauna Dpa 

13, 0 

0. 957 


0. 984 

AT=0 hr 

9 

Nov. 10-11 Hobart 

34. 8 

0. 912 


0. 979 

AT=0 hr 


Aspendale 

39.0 

0. 881 


(0. 959) 

AT=1 hr 


ii 

25. 0 

0. 915 


(0. 962) 

n 


If 

10.2 

0, 991 


(1.016) 

II 


11 

(28. 3) 

- 


0. 975 

It 

11 

Nov. 12-13 Hobart 

35.0 

0. 872 


(0. 933) 

AT-1 hr b) 


ii 

35. 0 

0. 932 


0. 997 

c) 


Macquarie 

35, 0 

0. 888 


0. 953 

AT=1 hr d) 

13 

Nov. 16 Wellington 

32. 6 

0. 942 


1.019 

AT=2y 2 hr 


Average of 6 values 

not m parentheses 

- 

0. 985 



a) AT is the approximate time lapse between the UVS and Dobson 
measurements being compared, 

b) The Hobart Dobson data show significant variations (see Table 5.8), 
so the AT=1 hr may be a factor m the disagreement, 

c) These values are for the average of thp four Hobart Dobson measure- 
ments (see Table 5.8). 

d) The Macquarie Island Dobson data show significant variations (see 
Taole 5.9), so the AT=lhr may be a factor m the disagreement. 
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Table 5.12 


Comparison of Broad Band and Narrow Band 
UVS Measured Ozone Column Values 


Solar zenith 

an g le ..( de g? 

/Measured BB ozone' 
\Measured NB ozone, 

10 

1.32 

15 

1.31 

20 

1. 30 

25 

1.29 

30 

1.31 

35 

1.25 

40 

1.23 

45 

1. 16 

50 

1. 14 

55 

1. 12 

60 

1. 09 

65 

1. 04 

70 

h- 1 

O 

O 


Note: All data are for 30-40 kft altitudes, 
and- are from the 1976 Latitude Survey Flights. 
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Table 5.13 


UYS Columnar Ozone Data for Possible Future Comparison 
with Dobson Measurements 

Flight Date GMT^ Uat, Dong Alt, Meas, Total 


Dobson Station 

No. 

(1976) 

(hr s -min) 

(deg N, degE) 

(kft) 

ozone a ) 

ozone a ) 

Mauna Doa 

6 

Nov. 3 

2022 

19. 4, -158. 0 

26. 8 

0.224 

0.236 




2254 

20.0, -158. 0 

22. 8 

0.232 

0. 243 


7 

Nov. 7 

2102 

19.4, -158. 2 

28. 1 

0.226 

0.239 ' 

Q ) 

American Samoa 

14 

Nov. 1 7 

2232 

-13.2, -170.3 

20. 7 

0. 227 

0. 236 

Cape Grim 

9 

Nov. 10 

2132 

-40.4, 144. 8 

37.0 

0.289 

0. 315 




2152 

r 40. 6, 144. 7 

21.0 

0. 307 

0. 321 




2210 

-40.7, 144. 8 

10.2 

0.314 

0. 321 




2254 

-40. 6, 146. 7 

39-0 

0.297 

0. 325 


11 

Nov. 12 

2345 

-40. 7, 145. 8 

35.0 

0.279 

0.299 

Mildura 

10 

Nov, 11 

2135 

-34. 8, 142, 5 

31. 1 

Q. 285 

0. 305 




2151 

-34. 5, 142. 2 

25. 0 

0. 282 

0. 298 




2205 

-34. 4, 142. 0 

15.0 

0.292 

0. 303 

Macquarie Island 

12 

Nov. 14 

0427 

-54. 4, 168. 9 

33.0 

0. 320 

0. 342 

Invercargill 

11 

Nov. 12 

0323 

-46. 4, 168. 7 

37. 0 

0.322 

0. 354 


12 

Nov. 14 

0325 

-46. 5, 168. 6 

33.0 

0. 320 

0. 341 


a) Units are atm- cm. 

b) Some listed values are averages over two or more measurements, 

c) American Samoa is actually 1 ° further South m latitude. 
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5,5 Latitude Ozone Profiles for the Fall 1976 Flights 

Several of the Latitude Survey flights m the Fall of 1976 have good 
UVS ozone measurements over a large latitude range. These data can be 
combined to give the north-south variation of total ozone for November 
1976. The data are for longitudes near 170°E for the southern most lat- 
itudes, and for longitudes near 130°W for the northern most latitudes. 

Total ozone data derived from the UYS measurements on five Lat- 
itude Survey flights are plotted in Fig. 5.3. These data show the ozone 
minimum near the equator, the rise between about 15°S and 45°S, and 
strong latitudinal structure at about 28°N and 37°S. More detailed plots 
of the UYS measured ozone above flight altitude are given m Figs. 5.4, 

5. 5 and 5.6. These figures show the two latitude structures and the flat 
profile near the equator. Note that Fig. 5.3 shows total ozone corrected 
to ground level, while Figs. 5.4, 5.5 and 5.6 show UVS measured ozone 
above the flight altitude. 

The structure in total ozone at 37°S appears to be rather wide if the 
data from flight 13 is compared to a smooth joining of the data from flight 
12 (further south) and the northern most part of the flight 13 data. Actually, 
the region from 35°S to 50°S also shows variability with time and longitude. 
This is illustrated by data from flight 11 which are plotted m Fig, 5.7. 

Here the measured UVS ozone for the southbound and northbound legs of 
the flight are plotted and show a significant change m ozone for about a 20° 
shift m longitude. 

A more detailed "graph" of the UVS total ozone results is given m 
Table 5.14, where total ozone values for every two degress of latitude are 
given for 29°S to 55°S. The values are located approximately at the correct 
longitudes, and the date in November 1976 is given in parentheses. A sub- 
stantial increase in total ozone is seen to occur from about 145°E to 180°E 
longitude. The data from Nov. 12-13 show an east-west gradient m total 
ozone for the range 47°S to 50°S, with the increase being in excess of 0.5% 
per degree of longitude at the maximum gradient. The data near 50°S and 
170°E show some time dependence, with .about a 5% decrease in total ozone 
from Nov. 12-13 to Nov. 14. 

The UVS total ozone data, while showing some latitudinal and time 
variations, nevertheless give a reasonable picture of the North-South vari- 
ation of total ozone, as shown m Fig. 5.3. For clarity, not all the data tab- 
ulated in Section 5.2 are shown in Fig, 5.3. The additional data fill m some 
of the gaps m Fig. 5.3, and give some information on the time variability 
of total ozone. Overall, the total ozone profile shown in Fig. 5.3 gives an 
excellent picture of the latitudinal distribution of ozone, as well as showing 
the latitude regions where ozone variability is found to be greatest. 
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Fig 5. 3, Latitude Profile of Total Ozone Derived from UVS Measurements for November 1976. 
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Fig. 5.4 UVS Measured Ozone above Flight Altitude for Flight 13, 16 Nov. 1976 
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Fig. 5.6 UVS Measured Ozone above Flight Altitude for Flight 15, 18 Nov. 1976 
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Fig. 5.7. UVS Measured Ozone above Flight Altitude for Two Legs of Flight 11, 
12-13 November 1976. 


Table 5.14 


Time and Longitude Dependence of Total Ozone at 
Latitude 30 to 55 Degrees South in November 1976 
Listed are tptal ozone (atm-cm) and (date(Nov. 1976)) 



29 


0.296(9) • 0.297(16) 

31 

0.295(9) 0.294(16) 

33 

0.308(9) 

0.304(16) 

35 

0.308(11) 

0. 326(16) 

37 

0.300(11) 

0. 383(16) 

39 .. 

0.308(11) 

0. 365(16) 

* 

i 

41 

0.300(12-13) 

0.325(11) 

0.366(16) 

43 ' 

0.306(12-13) 


45 

0.314(12-13) 

0.335(14) 

47 

0.323(12-13) 

0.342(14)0.345(12-13) 

49 

0.326(12-13) 

0.339(14) 0.358(12-13) 

51 

0.329(12-13)’ 

0.363(12-13) 

0.341(14) 

53 , 

0,335(12-13) 

0.354(12-13) 

0.340(14) 

55 

0.342(12-13) 

0.343(14) 
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6. CONCLUSIONS AND RECOMMENDATIONS 


The Fanametrics' UV Spectrophotometer was succes sfully flown on 
fifteen Latitude Survey flights m the NASA CV-990 m the Fall of 1976. 
Several overflights of Dobson spectrophotometer stations allowed the UVS 
derived total ozone measurements to be compared with the Dobson results. 
The UVS data from the complete flight series give a good picture of the 
North-South (latitudinal) distribution of total ozone in November 1976. 

The absolute accuracy of the UVS derived values for ozone above the 
flight altitude is estimated to be +3%, as discussed in Section 3. This accu- 
racy is determined by laboratory calibration measurements, and responses 
calculated from measured ozone absorption coefficients and the solar spec- 
trum m the 300 nm region. No adjustments have been made to the UVS data 
to force agreement with other measurements. 

The comparison of UVS derived total ozone with the Dobson measure- 
ments presented here shows agreement to +2%. As discussed in detail in 
Section 5.4, this agreement is for those cases considered to be most valid 
for comparison, and it is also obtained from the two cases where the com- 
parison should be the best. The UVS derived total -ozone values average 
about 2% less than the Dobson results. Comparisons made with UVS data 
from different altitudes suggest that for very high altitudes with substantial 
penetration of the aircraft into the ozone layer, the procedure to correct 
UVS measured ozone to total ozone can result m an additional 2% decrease 
m UVS total ozone compared to Dobson total ozone. This effect might be 
reduced by improvements m the procedure used to correct for the colum- 
nar ozone below the aircraft. 

The UVS operated properly and reliably on the CV-990 flights. Lat- 
itude profiles of UVS measured ozone near the equator show that for flat 
(longitudinal) ozone profiles the variation, or reproducibility, of the UVS 
ozone is better than jrl% These results indicate that the photodiode version 
of the UVS should operate reliably and easily on the commercial aircraft of 
the NASA Global Air Sampling Program (GASP). 

The UVS data from the Fall 1976 Latitude Survey flights provide a de- 
tailed view of the north- south variation in total ozone, including the struc- 
ture which exists near the mid-latitudes (30° to 40° N or S). The UVS data 
are for only one latitude -longitude path over the Pacific Ocean, but still pro- 
vide important data on the ozone distribution in that region as it existed m 
November 1976. 

The operation of, and results from, the UVS on the Fall 1976 flights 
demonstrate its accuracy and potential for further contribution to improv- 
ing world ozone data. The UVS would be a useful addition to the NASA 
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package on board commercial aircraft used m the GASP. The data acquired 
from such instruments would provide information on the detailed latitudinal- 
longitudinal structure of total ozone, and aid in interpreting the large vari- 
ability in total o'zone measured by Dobson stations. 

An important use for the UVS would be in a program to inter calibrate 
the various ground-based total ozone stations, m particular the Dobson and 
M-83 Filter ozonometers. Measurements have shown that the Dobson and 
M-83 Filter ozonometers can give differences of more than 20% m total 
ozone (Ref. 5.7). Since the Filter ozonometer is used primarily m the USSR 
and Eastern Europe, this can lead to systematic errors m world ozone pro- 
files. Such a systematic error has been inferred m Ref. 6.1, where com- 
parison of the total ozone and temperature profiles over Europe were found 
to be m disagreement, contrary to expectations. The author concluded that 
as of 1973 total ozone results were unreliable, and felt that further compar- 
ison of ozone instruments was needed. The need for inter comparison of 
ozone stations, both Dobson and Filter type, was strongly expressed in Ref. 
6.2. The effect of instrumental differences on analyses of total ozone pro- 
files and seasonal changes, and the necessity to reduce these effects by in- 
ter com pans on of stations, was also noted m Ref. 6.3. The UVS would be 
an excellent instrument to provide these intercomparisons. 

Satellite mounted instruments have been developed to measure total 
ozone and its vertical distribution from infrared (IRIS, Ref. 6.4, 6.5) and 
backscattered solar ultraviolet (BUV, Ref. 6. 6) radiation The IRIS total 
ozone results agree with mid-latitude Dobson data to about 6%, with poorer 
agreement m the tropics (Ref. 6.4, 6.5). The BUV and Dobson total ozone 
results differed byJ-0.02 atm-cm (standard error, Ref. 6.5). Satellite ozone 
data, while providing wide coverage, also have some limitations. Latitud- 
inal coverage is generally 1-2 degrees per point, while longitudinal coverage 
is about every 20 degrees, and measurements are all at nearly the same 
local time, which changes slowly throughout the year. Newer satellites 
should provide more complete longitudinal coverage (Ref. 6.7), and reduce 
the aliasing problem in using satellite data for ozone variability studies 
(Ref. 6.8, p. 5). However, the local time problem still remains, and sea- 
sonal maps of total ozone prepared from satellite data may have some com- 
ponent of daily variation m total ozone included. Additionally, the satellite 
instruments must operate for many years without the opportunity for labor- 
atory calibration. 

The UVS can help provide ground-truth for many satellite ozone mea- 
surements. The inclusion of a UVS m the commercial aircraft GASP pack- 
age would provide much comparison data with satellite ozone measurements 
under a wide variety of solar zenith angle conditions. Time and position co- 
incidence of UVS and satellite measurements are likely to be much more 
common than for, Dobson station satellite coincidences. This is particularly 
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important because of the observed longitudinal variability in total ozone (Ref. 
5.2, p 16, also indicated by some of the UVS data discussed m Section 5,5). 

The latitudinal structure in total ozone measured by the UYS and dis- 
cussed m Section 5.5 makes it desirable to fly the UVS on future CV-990 Lat- 
itude Survey type flights. This would allow measurement of the variability m 
the structure observed in the latitude profiles, as well as the observation of 
seasonal. changes in the overall profile. A particularly interesting set of 
measurements would come from flights with the UVS into polar regions dur- 
ing and after large Solar Proton Events (SPE's) producing Polar Cap Absorp- 
tion (PCA's). Calculations {Ref. 6.9) indicate that such events produce large 
quantities of nitrogen oxides m the upper stratosphere, and so can reduce the 
amount of ozone in the polar regions. It has been reported (Ref. 6.10) that 
for the August 1972 SPE the predicted total ozone reduction over the poles is 
20 %, while satellite measurements indicate an approximately 16% decrease. 
UVS measurements of this effect can help determine the precise relation be- 
tween SPE particle fluxes and the amount of polar cap ozone depletion. 

Inclusion of a UVS in the GASP package would increase the usefulness 
of the ozone density data currently being obtained. The GASP ozone density 
data have been used to study the flow of tropospheric ozone (Ref. 6 . 8 ), apd 
an extensive set of ozone density data from commercial aircraft over Europe 
and Africa has been used to study the tropospheric ozone distribution and its 
seasonal variations (Ref. 6,11). Use of the UVS in commercial aircraft cov- 
ering a polar route might be very useful in obtaining before, during and after 
total ozone data for the SPE - PCA events discussed above. 

The main conclusions of this report can be summarized as follows. 

Conclusions 

1) The calculated absolute accuracy m UVS measured ozone is _+3%. 

2) The UVS derived total ozone agrees with the Dobson data presented here 
to +2%. There may be an additional 2% deviation in UVS total ozone 
values derived from very high altitudes, caused by the conversion from 
measured to total ozone by use of measured O 3 density to estimate the 
columnar ozone below the aircraft. 

3) For normal aircraft operating conditions the UVS derived ozone values 
are very stable, with the variability, or reproducibility, being better 
than jf 1 % . 

4) The UVS ozone results for the Fall 1976 Latitude Survey flights give a 
good latitude profile for ozone over the Pacific in November 1976. 

5) The UVS should operate reliably and easily on the commercial aircraft 
of the GASP. 
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The mam recommendations of this report can be summarized as 
follows , 


Recommendations 


1) The UVS would be a useful addition to the NASA package on board the 
commercial aircraft used m the GASP. 

2) The procedure used to convert measured columnar ozone above the 
aircraft to total ozone should be refined for high altitude measurements 
to reduce as much as possible the deviation introduced by this conver- 
sion. 

3) The UVS would be very useful in a program to cross -calibrate ground 
based total ozone stations. A program of overflights of many such 
stations would greatly reduce uncertainties which currently exist, 
particularly between the Dobson and M-83 Filter ozonometers 

4) UVS derived total ozone measurements should be compared with satel- 
lite measurements to provide additional cross -calibration of instruments 
and data analysis methods. Flights with the UVS could be planned to 
provide precise time and location coincidence with the satellite mea- 
surements . 

5} The UVS should be used on as many CV-990 Latitude Survey type flights 
'as possible, m order to obtain more data on the latitudinal structure 
and seasonal variation of total ozone. Flights into the polar regions 
during and after PCA’s would provide data on ozone destruction by 
such natural phenomena. 
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